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COMPLEMENT FIXATION IN TUBERCULOSIS.' 


— 


By A. M. Stimson, Surgeon, United States Public Health Service, Washington, D. C. 


Complement fixation has been investigated in its relations to 
tuberculous infections from several points of view; from the stand- 
point of its bearing on clinical medicine to discover whether it was 
of value in the diagnosis, prognosis, or in controlling the specific 
therapy, of tuberculosis in man; from the standpoint of pure path- 
ology to determine what light it might throw upon the essential 
nature of the disease and immunity thereto; and from the position 
of the veterinary official who is in search of diagnostic methods less 
susceptible of evasion than those commonly employed. 

Undoubtedly the chief interest has centered around the diagnostic 
and prognostic possibilities of the reaction. In the interest of the 
individual patient, as well as of public health, early diagnosis is 
essential, and any test which will aid in this direction, or assist in 
estimating the progress of the battle between the patient and his 
disorder would be a welcome addition to our resources. The pro- 
cedures now commonly employed leave much to be desired, there being 
little doubt that many cases of tuberculous infection escape detection 
by them until significant or irreparable damage has been done. More- 
over some of them, notably the von Pirquet and some other tuber- 
culin tests, are rendered valueless except in restricted groups of 
persons by the very reason of their delicacy, and their persistance 
after the subsidence of activity and the establishment of cure. 

The earlier work with complement fixation in connection with 
tuberculosis gave such contradictory results that little hope was 
promised of practicable employment of the method. The more 
recent work, however, tends to approach unanimity as to the signifi- 
cance of the reaction. In the following table the work of the past 
few years is briefly reviewed, the arrangement being such as to per- 
mit a comparison of the methods employed and the results obtained. 


1 Manuscript submitted for publication Apr. 15, 1915. 
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In considering the trend of the work here tabulated, interest must 
center chiefly around the antigens employed. We are not justified 
in assuming that because an antigen gives positive fixation in a com- 
paratively small proportion of established cases of tuberculosis it 1s 
necessarily valueless. Such an antigen might conceivably have the 
greatest value in prognosis. But, for the present, greater interest in 
the diagnostic possibilities of the test will be assumed. Here the 
antigen giving the greatest number of positive reactions in tubercu- 
lous cases, while at the same time giving negative reactions with other 
diseases and with normal subjects, will obviously be of the greatest 
value. Considered in this light and giving preponderance to those 
observations which have been confirmed by the largest numbers of 
workers, it appears that the claims for greatest diagnostic usefulness 
must be adjudged among three or four antigens. The most recent 
of these is Besredka’s egg-medium antigen, and observers are unani- 
mous thus far in finding that it gives positive reactions in a very high 
percentage of tuberculous cases, at least at certain stages of the dis- 
ease. The objection has been adverted to by several authors that 
syphilitic antibodies were capable of causing fixation with this 
antigen, a circumstance which would, of course, impair its usefulness 
to a great degree. This luetic fixation has been attributed to the 
lipoid content of the antigen derived from the eggs used in making 
the medium. The researches of Bronfenbrenner are reassuring Mm 
this connection, and it is to be hoped that they will be confirmed in 
both their theoretical and practical aspects. It is possible that 
another objection may develop as other workers take up the use of 
this antigen, namely, difficulty in preparing the antigen. The 
description of its preparation given by Besredka is lacking in definite- 
ness, and attempts by my assistants in this laboratory to duplicate 
his product have not been successful. I believe that thus far the work 
with this antigen reported by various observers has been done, like 
my own, with antigen supplied through the courtesy of Dr. Besredka. 

Next in order must be considered antigens composed of suspen- 
sions of tubercle bacilli in salt solution. A fair number of observers 
have had favorable results with antigens of this class, using both 
killed and living tubercle bacilli, and have found, moreover, a high 
degree of specificity, except in veterinary work, where other acid-fast 
infections may cause confusion. Luetic fixation with these antigens 
does not appear to enter in as an objection. Their use is more trouble- 
some than that of Besredka antigen, since the suspensions must 
frequently be made up fresh and standardized. 

The antigens elaborated by Calmette and his coworkers, taken 
collectively, and the peptone-soluble antigen by itself, make serious 
claim for consideration; for not only was that author able to secure 
fixation in 92 per cent of cases using all three antigens, but another 
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worker (24) obtained an equally high percentage of positives with the 
peptone antigen alone. Moreover, some prognostic significance was 
attached to variations in the activity of the sera with the different 
antigens. 
Unfortunately, not all authors have described their antigens in 
sufficient detail. Some of the most promising results have been 
reported from the use of antigens briefly described as alcohol or 
alcohol-ether extracts. Another antigen which has some promise— 
from an experimental standpoint, at least—is that prepared by precip1- 
tation with alcohol from suspensions of tubercle bacilli, after the 
method of Besredka as modified by Gay and others. 

The antigens which were so much used in the early work, old 
tuberculin, commercial ‘‘Bacillen emulsionen,”’ extracts of tuber- 
culous tissues, and various watery extracts, have failed in the hands 
of most workers to give hopeful results as diagnostic aids. 

The so-called split products of the tubercle bacillus, the fats, fatty 
acids, proteins, ‘‘toxins,’’ etc., which have been derived by physical 
and chemical means, have thus far had no successful application to 
the diagnostics of tuberculosis. Much, who with his students has 
written most extensively on these substances in connection with 
tuberculosis, does not detail his methods, but from the fact that he 
reports fixation in a large majority of the clinically nontuberculous, 
with tuberculin and tubercle bacilli emulsions, one is led to infer that 
his methods differ so radically from those commonly employed that 
comparison is impracticable. It is also a question whether by 
“splitting off”? the substances we do not reduce them below the state 
of combination where they have any essential relation to the 
tubercle bacillus. 

Considering next the methods employed by the various observers, 
it is noted that the Wasserman type of technic has been most exten- 
sively employed, with the use of sheep cells, rabbit hemolytic ambo- 
ceptor, and guinea-pig complement. In a few instances ox or goat 
corpuscles have been used, and in one the native antisheep ambo- 
ceptor of human serum has been removed. The original Bordet- 
Gengou technic has had several adherents, and one observer has 
employed a technic resembling that of Noguchi for syphilis. Special 
technics have been devised by several of the authors in attempts to 
solve peculiar problems—as, for example, that of thesupposed thermo- 
lability of certain antibodies. A discussion of technical considerations 
wil be given later. Suffice it to remark that the greater proportion 
of the work in the last few years appears to have been performed with 
understanding of basic principles and to be at least as worthy of 
confidence as a similar amount of syphilitic fixation work. 

Most of this work has been primarily addressed to the practical 
application of the tests to human tuberculosis, a number of workers 
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have been interested particularly in the application of the method 
to the detection of cattle tuberculosis, and another group have en- 
deavored by animal experimentation to illuminate the essentials of 
the serological processes. Special reference must be made to the work 
of Debre and Paraf and others who have attempted to demonstrate 
tuberculous antigens for diagnostic purposes in such pathological 
fluids as urine and milk, using as a test fluid a serum known to 
contain tuberculous antibodies. This work, while of promise, espe- 
cially in the diagnosis of genito-urinary tuberculosis, has not pro- 
ceeded far enough for definite evaluation. An attempt to summarize 
the other work, especially as regards its practical application ‘to 
diagnosis and prognosis in human tuberculosis, will be found in the 
general conclusions at the end of the article. 

Original work.—The serum examined has come from patients in a 
tuberculosis sanatorium at a long distance from the laboratory; 
from a tuberculosis hospital convenient to the laboratory; from 
healthy persons exhibiting no evidence and giving no history of 
tuberculous infection; and from subjects of an industrial-hygiene 
investigation. The specimens were obtained in all cases by excel- 
lent technic from an arm vein, were adequate in amount, and showed 
no evidence of deterioration on inspection at the time of examination. 
Except where otherwise stated the serum was inactivated for 30 
minutes at 55° C. 

The technic employed closely follows the Wassermann. Sheep 
corpuscles were used. After repeated washings in large bulks of 
saline they were made up to the original bulk of the defibrinated 
blood from which they were derived, and a 5 per cent suspension of 
this was used. This suspension included also 1 unit of hemolytic 
amboceptor per c. ¢., the cells being thus sensitized before applica- 
tion to the test. The unit of amboceptor was constant and so chosen 
after several preliminary tests of the hemolytic system that its 
reinforcement by at least an equal amount of native amboceptor 
would be unlikely to increase the hemolysis, on the one hand, or enter 
on the Neisser-Wechsberg phase,! on the other. In other words, it 
was selected from the relatively flat portion of the hemolysis curve. 
The same supply of hemolytic serum was used throughout the series, 
and, since it was a relatively stable and potent specimen, deterioration 
was slow and negligible in extent. Complement was that of guinea- 
pig serum. In much of the work it was preserved by salting, being 
restored to normal tonicity before use by the addition of correct 
amounts of water, further dilutions being made with saline. The 
unit of each specimen was determined by titration before each test 


1 With constant amounts of complement and cells increasing amounts of amboceptor cause increasing 
degrees of hemolysis up to a certain point, beyond which excess of amboceptor “ deviates’? complement, 
and hemolysis is lessened. 
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and varied from 0.03 to 0.05 c. c. of the undiluted serum. Two 
units were used in the tests. 

It was, unfortunately, impossible to test all of the sera against all 
of the antigens which were used during the course of the work. The 
antigens used were: (1) Calmette’s peptone-soluble endobacillary 
antigen, prepared at the laboratory from both fresh and dried human 
tubercle bacilli by heating 1 part by weight of bacilli after thorough 
trituration with 20 parts of 10 per cent peptone solution at 65° C. 
for 48 hours and filtering through a Berkefeld; (2) suspensions of 
human tubercle bacilli, both living and killed by heat, made by 
simple trituration in salt solution; (3) Besredka’s egg medium 
antigen, kindly furnished by Dr. Besredka; (4) an antigen prepared 
by precipitating a suspension of living tubercle bacilli in salt solution 
with an equal bulk of absolute alcohol, sedimenting, decanting, 
drying the residue over H,SO, in vacuo, pulverizing together with 
sufficient NaCl, so that when the emulsion resulting from trituration 
with water contained 1 per cent of the bacterial powder, the salt solu- 
tion would be of physiological concentration. These antigens were all 
titrated before making tests, and the unit adopted for each test did 
not exceed one-half of the maximum nonself-binding dose. 

The methods of handling these reagents involved careful measure- 
ments of all ingredients with graduated pipettes; a total bulk, made 
up with saline, of 3 c. c. for the first-phase incubation and of 4 ¢. ¢. 
for the second; incubation in water bath at 37° for 1 hour for the first 
phase, and the same supplemented by standing in the cold room over 
night for the second; controls of double amounts of the serum and 
of the antigens; and controls on the hemolytic system and corpuscle 
suspension. Instead of expressing the results by the usual methods 
of ++++, +, —, etc., or in terms like “strong positive,” “weak 
positive,” etc., readings were made of the tube contents on a color- 
imeter, using the hemolytic system control tube as the 100 per cent 
standard. The amount of fixation was taken as being 100 minus 
the reading for the tube contents considered. This method, although 
not giving a strictly proportionate measure, has the advantage of 
permitting the striking of averages for groups of tests for comparative 
purposes. As experience with these tests was gained the impression 
developed that 20 per cent or more of fixation in well-controlled, care- 
ful tests was certainly of significance but that below this experimental 
error might be operative. Eighty per cent fixation would be called 
a strong positive or 4+ by the majority of observers. Several 
authors have mentioned that the antibodies in tuberculosis are not 
as strong as in syphilis and that consequently the reactions are not 
as definite. While this is possibly true, one nevertheless frequently 
sees as sharp and positive results as could be desired, 
96040°—15——2 
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As regards the different technical procedures, judgment must be 
withheld as to which is the best and what one of the present ones, if 
any, is suitable for adoption as the standard. For the present 1t seems 
better that each worker should employ the method in which he has the 
most experience, provided that certain fundamentals are observed. 
These I should briefly summarize as the sacrifice of ease and speed to 
thoroughness and reliability; accurate measurements; controls suffi- 
cient to detect spurious evidences of fixation, especially those due to 
summation of anticomplementary effects; the use of at least two 
complement units to avoid the results of the deterioration of diluted 
complement at water-bath temperature; the avoidance of too great 
discrepancies between the total bulk in the first and second phase 
incubations. The criticism of the use of sheep cells on the ground of 
their being subject to the action of native amboceptor in human 
serum is not altogether well founded. It is granted that a fair pro- 
portion of human sera have this amboceptor, but these same sera may 
sive excellent fixation, because if the complement has been fixed in the 
first phase, the mere increment of amboceptor will not cause hemo- 
lysis in the second. In fact it is quite possible that this remforce- 
ment of hemolytic amboceptor may in certain quantitative relations 
reduce the hemolysis through the operation of the Neisser-Wechsberg 
phenomenon, and give a spurious appearance of fixation, a contingency 
which has not been sufficiently emphasized. However, I believe that 
the positive results in a series of tests will be somewhat increased by 
the use of human cells, or by removing the native antisheep ambocep- 
tor from the human serum. 

The results of examination of 72 sanatorium patients is given in 
TableI. Of these, 37 had received no specific treatment, 21 had been 
treated for a considerable time with a watery extract of tubercle bacilli, 
and 14 had been treated with a so-called vaccine of avirulent acid- 
fast bacilli. It is realized that the numbers are too small in some of 
the groups to warrant any conclusions as to the significance of the 
figures, but considering the groups having eight or more cases, it would 
appear that the positive results with peptone extract reach their maxi- 
mum in the moderately advanced stage, being reduced in the far 
advanced and very significantly small in arrested or cured cases. 
With the’suspension of killed bacilli the maximum would appear, as 
Calmette states, to be deferred to the later stages. From this table it 
appears that the administration of the specific treatment referred to, 
resulted in a somewhat higher percentage, and greater intensity of 
positive reactions. In this connection the results given in Table {1 
become of interest. 


Ds, 


TaBLE I.—Summary of fixation reactions in the first series. 


x 


[Serum sent from a distance, several days old when examined. ] 


Treated with a wa- | Treated with a vac- 


Sanatorium treat- tery extract of} cine of avirulent 


ment only. tubercle bacilli. acid-fasts. 
Antigens. Antigens. Antigens. 
Class of cases. 
Peptone | S¥SPeM- | peptone | SUSPED- | Peptone | SUsPen- 
extract kill S| extract Tilted extract killed 
tubercle Panorele tubercle tubercl tubercle tubercl 
bacilli. aye | bacilli, zee. bacilli. ieiea ss 
bacilli. bacilli bacilli. 
Far-advanced cases: 
NGM Der EXAMINE: 2 -./05.c1c)- ajo aa = 2 2 Se 20 16 18 11 13 10 
VOLO HX AUIOM os a5 sa cin calvin: de ce = gee 36% 21% 538% 34% 44% 35% 
Cases in group giving 20 per cent or ; 
PRONOUN TIOM ys. 25 2) Lice sin daje ise 50% 37% 83% 45% 54% 50% 
Moderately advanced cases: 
IUGMIDer EXaMIMed -. 2... <)iss.ceies- os 8 4 2 1 i 1 
ANMELOSC IUXAUION. o<.2 05 ---'scior.sss<ciods « 45% 2% 75% 75% 538% 3% 
Cases in group giving 20 per cent or 
AW ORC MULATION ecw oe oso e cies. e series 63% 0% 100% 50% 100% 0% 
Incipient cases: 

IMI emex ated: <2 426 a5 oe sere ea = 1 il 1 1 0 0 
TOT ee yO SO ane a eee rea 13% 2% 51% OO Neha srtene he 2 -5)| Gah ceserste nes 
Cases in group giving 20 per cent or 

BNO OME KO IOM sa 15\a5s.0 a:61058 </~\ase inn :a1esatoiayois 0% 0% 100% Op dass wre seGel teeeimaaite 

Arrested or cured cases: 
INUIMID ERleXAIMINE Go. a: jo/a.cteicie cin cee 8 7 0 0 0 0 
NE HID CS (0 os ee SS ae 11% | - DOS ee ee ee | ec Reo eee | ee See 
Cases in group giving 20 per cent or 
MONCH AGIOM ee ters aaa ielclote ice cise - 13% 7 Were mere reille, os eae Salerno sic ee Berea mates 


NotE.—In this and subsequent tables the words ‘‘average fixation’’ mean the arithmetic average of the 
fixations shown by all the sera inthe group considered. The fixation shown by a serum is 100 per cent minu- 
the percentage of hemolysis in the tube determined by calorimetric comparison with a completely hemos 
lyzed contro! tube. 

In Table Il are shown the results as regards the clinical progress 
of the patients from six months to a year after the taking of the 
specimens reported in Table I. It should be remarked that at the 
institution in question (the Public Health Service sanatorium at 
Fort Stanton, N. Mex.) the manner of taking and recording physical 
examinations is rigorous and the determinations are as reliable as 


the nature of the case permits. _ 
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Tape II.—Clinical results in 68 patients whose serum examinations are summarized in 
Table I, 6 to 12 months after examination. 


(Peptone extract antigen.) 


De 


Sanatorium treat- Watery extract Avirulent vaccine 
ment. treatment. treatment. 
Condition of patient. | Total 
Numb Number Number sagas 
umber u 
of cases. Group of cases. Group of cases. Group. 
Gave fixation 29 per cent or 
more: Per cent. Per cent. Per cent. | Per cent. 
Same@s. See Seren see 4 33.3 5 lea 3 37.5 31.6 
DBYSUHI) i careers ee pes RE 4 33.3 4 WRI 2 25. 0 26.3 
66. 6 49.9 62.5 57.9 
WIOSSC essere eee oe 3 25.0 7 38.8 3 37.5 34.2 
AWG GIS Soa eed os heen sear i 8.3 2 Tyla 0 0.0 TY) 
33.3 49.9 Bie 42.1 
99.9 99.8 100. 0 100. 0 
No fixation, i. e., under 20 per 
cent: 
PAM Ore ae: tata eee eee cess 8 36.3 1 33.3 0 0.0 33. 4 
BOCbCEN . Mian sees eee 7 31.8 1 Boye 0 0.0 23.3 
68. 1 66. 6 0.0 56.7 
NVIGES@)) ac. . t gee Shee Seve a 3 13.6 1 Ba 1 20.0 16.6 
DI CUR eae ren her Meee ait 4 18.1 0 0.0 4 80.0 26.6 
aul 33.3 100.0 43.2 
99.8 99.9 100.0 99.9 


The most significant finding indicated in this table is that although, 
as shown in Table I, a greater proportion of persons specifically 
treated with the preparations named had complement-fixing bodies 
in their serum, the subsequent course of their disease did not show 
that this was of any advantage to them. In fact, the evidence is 
rather that patients who responded to the stimulus of these prepara- 
tions by the production of antibodies detected by this antigen, 
progressed less favorably than those who failed to respond and those 
who did not receive the injections. That no significant difference 
among the sanatorium cases is apparent, depending upon whether 
they had or had not shown antibodies, may perhaps be explained 
by a balancing action of the hopeless and of the arrested cases 
which, although representing opposite extremes from a clinical stand- 
point, still give on the average the same reaction, namely, a 
negative one. That this is so is indicated by the following figures, 
which give the average percentage of fixation for the various groups 
in the sanatorium cases of the above table: 


Condition. Same. Better. | Worse. Died. 


Average fixation of group, per cent...... 18,7 26.1 41.1 14.6 
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The “‘Same”’ group has a low index for the reason that it includes 
the arrested cases in which retrogression did not, and marked im- 
provement could not, occur. Eliminating these cases and averaging 
the active cases which remain the index for this group becomes 
26.9 per cent. 

It is evident, therefore, that the significance of the reaction as 
regards prognosis depends on the associated clinical findings. In 
the active but as yet indecisive period of the battle between patient 
and disease, a positive reaction is rather of bad than of favorable 
import. One might assume from it that the patient would be worse 
before he would be better. A negative reaction with failing powers 
of the patient is almost confirmatory of the fact that the battle has 
been. lost, while negative reactions associated with clinical improve- 
ment are hopeful harbingers of an arrest or cure. While no such 
definite conclusions could be drawn from a single test in an individ- 
ual patient, nevertheless the above seems to be the general trend of 
the prognostic import of the reaction as indicated by this series, 
with Calmette’s peptone-soluble antigen. 

Another group of sanatorium cases in which the serum was exam- 
ined shortly after it was secured, by reason of the convenience to the 
laboratory, gave no greater incidence of positive reactions than the 
one just reported. Of 27 patients but 11 showed significant fixation 
_ with the peptone-soluble antigen (40.7 per cent). These cases were 
for the most part far advanced, and it is probable that many were 
beyond the stage when antibodies are to be expected. Comparing 
the results in this series with those in the former one, it may be in- 
ferred that the antibodies demonstrated by this antigen are not 
so labile as to be destroyed by the conditions of transportation oper- 
ating for several days. 

In a third group from this same institution there is opportunity 
for comparing the action of different antigens. In all, 47 cases are 
represented. Classifying these so that the comparisons of antigens 
are referable to the same sera the results may be thus tabulated: 


TaBLeE III.—Comparison of results with three antigens on the same sera from tuberculous 
cases. 


(No specific treatment.) 


Suspension of liv- 
ing tubercle ba- 
ceili. 


Calmette’s peptone | Alcoholic precipi- 
antigen. tate antigen. 


Number of sera for comparison. 


Fixation | Average | Fixation | Average | Fixation | Average 
in— fixation. in— fixation. in— fixation. 


ee ee | ee ee SS ey 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
ces Ret cx Re CR ee Ee Pat eo SS Bed 66.6 44.0 ae, Dia 
al MEN Sy Aes len a cen tan 66.6 44.1 75.0 ome 58.3 43.1 

55.8 Dies 55.8 39.0 


ee eee ee 


22 


From these results it may be assumed that the Calmette peptone 
antigen gives a reaction in a greater proportion of well-developed 
cases such as these were, but that these reactions were less well 
marked than those with the other antigens. The other two antigens 
were approximately equivalent as regards the strength of the reac- 
tion given by them, but the suspension had somewhat the advan- 
tage in the number of cases giving a positive reaction. 

Tables IV and V represent still another group of cases from the 
near-by institution, and indicate that the antigens used reach their 
maximum proportion of positives in the second stage of pulmonary 
tuberculosis, and in patients who are progressing unfavorably, but 
that the reduction of this proportion in the last stage and in favorable 
cases is relatively greater in the case of the peptone antigen while 
the strength of the reaction given by the peptone antigen is in general 
inferior to that of the alcohol precipitate. 

In all of these series controls consisting of the serum of one or 
more healthy persons not suspected of being tuberculous have been 
run with each test. In none of them has fixation ever been demon- 
strated. 


Taste IV.—Comparison of results with two antigens in the three stages of pulmonary 
tuberculosis (Turban). 


(No specific treatment.) 


ee 


Stage I. Stage IT. Stage IIT. 
Peptone oe Peptone res Peptone ee 
extract. vate, extract. tate, extract. Ars 


a | RR | RS, 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
43 66.6 36.3 0 


DI XAplOM WIM a eee ates nce eae ee ee i 57.8 
Wevernve Malo cos. coe teases oe 23 18 32.9 45.2 1285 38 


See ee eee eee eee eee ee ee SS 


Taste V.—Comparison of results with two antigens, according to whether at the time of 
examination the patient was progressing favorably or not. 


(No specific treatment.) 
ES 


Favorably. Unfavorably. 


Peptone Alcohol Peptone Alcohol 
extract. | precipitate} extract. | precipitate. 


Per cent. Per cent. Per cent. Per cent. 
nS EsecCaN oc et Pes pe RU Nata hc SR AS <a toe ees aE Sle2 38.4 4,15) 46.1 
VIOLA ROM MIOINs « oc oan ss ose eRe eens sect eerie eles eee 19.0 32.5 28.2 30.1 


In addition tests were made with the peptone antigen and 
Besredka’s egg medium antigen upon 52 sera from the subjects of an 
investigation into the physical condition of workers in the garment 
industries in New York. The subjects were mostly those in whom a 
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history of cough or of loss of weight or the general appearance had 
suggested the possibility of tuberculous infection, although definite 
symptoms and signs were lacking. In two of these cases fixation was 
obtained with Besredka’s antigen, and in one with the peptone 
antigen. The patient giving fixation with both antigens had definite 
signs and symptoms of pulmonary tuberculosis. The patient giving 
fixation only with the Besredka antigen was a frank case of secondary 
syphilis. 

It has been suggested by several authors. that some, at least, of 
the tuberculous antibodies were thermolabile, and consequently 
escaped detection in the ordinary tests with inactivated serum. I 
made some tests to determine this, using a method much lke that of 
Zweig (13). Two series of tubes were set up, each containing the 
active serum in decreasing amounts. To one of the series was added 
a dose of antigen, the same amount for each tube. After bringing 
the volume up to a uniform amount with saline, and incubating for an 
hour, sensitized cells were added. The series without antigen was 
virtually a test for complement in the serum, and by comparing the 
hemolysis in the tubes of this series with that of corresponding tubes 
in the series with antigen, the occurrence and degree of fixation could 
be determined. Due to fluctuations in the amount of complement in 
different sera, the maximum amount of fixation occurred with varying 
amounts of serum, so that there was no basis for comparison of the 
antibody strength, except to accept this maximum. These same 
sera were then inactivated and a test made in the usual way. 
Fukuhara,' has shown that peptone solutions will cause fixation with 
normal active serum, although not with inactivated serum. It was not 
surprising, therefore, that with the peptone extract some fixation 
was shown in all the active sera examined, including the normal 
controls. The other antigens (tubercle bacilli suspension, and 
alcohol precipitate) appeared to be more specific, giving only minimum 
amounts of fixation with normal sera. Comparisons of the results 
with active and inactivated serum in 21 cases showed in general a 
very significant reduction of antibody strength as indicated by the 
peptone extract tests, but with the other antigens there were but 
three significant discrepancies—two cases in which the reaction was 
negative in the inactivated serum while positive in the active, and one 
in which the converse occurred, which was readily accounted for by 
the absence of complement from this specimen of uninactivated 
serum. The antibodies of tuberculosis (reacting to these antigens) 
are therefore quantitatively reduced by heating, as indeed are those 
of syphilis, and it is quite possible that when present in the active 
serum in small quantity they may be reduced by heating below the 
point of definite determination. 


1 Fukuhara. Zeit. f. Immunitéitsforschung, vol. 12, 1911, p. 183. 
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The question of the artificial stimulation of antibodies is important. 
There can be no doubt that by the injection of certain products of the 
tubercle bacillus the formation of antibodies which will fix com- 
plement with some at least of the tuberculous antigens can be 
induced or increased. It is not demonstrated, however, that this 
artificial increase is desirable from the standpoint of improving the 
condition of the patient. Neither is it demonstrated that the 
presence of antibodies is an indication of established immunity. In 
fact, we do not find these antibodies in the serum of healthy persons 
who have reached middle age without developing recognizable 
tuberculous infections, and who therefore may be assumed to possess 
at least a relative immunity or high resistance. Again, the evidence 
is strong that after recovery from tuberculosis the antibody content 
of the serum tends to diminish and disappear. Since of all the forms 
of acquired immunity the strongest and most permanent is assumed 
to be that afforded by an actual attack of the disease in question 
followed by recovery, it would seem that in the relative absence of 
antibodies from the serum of patients of this class we find a strong 
argument against their playing an important part in immunity, and 
against the assumption of improvement in the condition of the patient 
by their artificial production. It is apparent that antibodies do not 
check or reduce the production of the antigen liberated from a tuber- 
culous focus. Their action takes place after its liberation, if indeed 
at all intra-vitam, and we are almost wholly in the dark as to what 
effect this fixation would have as regards the deleterious effects of 
the antigens upon the body. It could conceivably be harmful. We 
do know that patients with fever and the other manifestations of 
toxemia may yet show strong complement-fixing bodies in their 
serum. In this connection an experiment which I performed may be 
of interest. Five active sera were tested against a suspension of 
living tubercle bacilli as antigen. Three of these gave strong fixation 
and two a negligible degree, one of the latter being from a clinically 
normal person and all the rest from tuberculous persons. The tube 
contents were then injected into guinea pigs with results as shown: 


Serum from— Fixation. eae Findings. 
Per cent.| Days. 
Tuberculous case.......------ 82 35 | Tuberculosis of lymph nodes, spleen, and liver. 
LOG As eae ee ares epee 98 55 | Tuberculosis of lymph nodes, spleen, liver,and lungs. 
MD OMA tee oe a setae eon 87 62 Do. 
1 DOs SO a eee 10 66 Do. 
Normal person. ..........--... 8 67 Do. 


While an isolated experiment of this kind has no conclusive sig- 
nificance, the evidence, as far as it goes, is that the presence of com- 
plement-fixing bodies is not necessarily associated with an effect on 
tubercle bacilli in the direction of reducing their virulence, or toxic 
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effects. In fact the animals receiving the tube contents in which 
fixation had occurred all died earlier than those in which no, or little, 
fixation was shown. Baldwin has found that animals inoculated 
with tubercle bacilli which have been exposed to the action of serum 
containing antibodies, succumb quicker than those injected with 
bacilli acted upon by normal serum. This fact he was inclined to 
ascribe to the agglutinins which accompany the other antibodies, 
and which by clumping the bacilli render them less susceptible to 
phagocytosis. 

I may perhaps illustrate the difficulties of ascribing the proper 
role to complement-fixing antibodies in tuberculosis by drawing a 
parallel with a very different disease, namely, furunculosis. Many 
persons in spite of exposure do not have furunculosis. They are 
immune. Others are continually suffering from the disease. In 
them the introduction of the causative cocci is followed by heat, 
redness, swelling, suppuration. How shall we describe this in- 
flammatory reaction? We can not call it an immune reaction— 
immune persons do not have it. If we call it a defensive reaction 
we must admit that as long as it persists the result is dubious, and 
that meanwhile the patient suffers. We are at least safe in calling 
it a reaction and thereby we imply the activity of the invader. So 
in tuberculosis, the antibodies do not imply immunity; if they are 
present they indicate a doubtful battle, during which the patient 
suffers, and we should remain more closely within the bounds of our 
knowledge if we described them as reaction bodies rather than as 
immune bodies, protective bodies, or even as antibodies. 

The finding of complement fixation in a tuberculous patient ap- 
pears to be dependent upon the interplay of two, and possibly three, 
fundamental factors. First, the antigens liberated in the body as a 
result of invasion of the tubercle bacillus. The exact nature of 
these is still unknown. They may conceivably consist of the bacillus 
itself, of products of the disintegration of the bacillus, of endotoxins, 
or of products of the disintegration of the tissues evolved during the 
tuberculous process. We must remember also the antigens which 
may be artificially introduced. Second, the antibodies, which may 
be produced in response to the stimulus exerted by these antigens. 
Third, we must consider the réle possibly played by the onhibiting 
substances which are stated by observers, notably Calmette and his 
coworkers, and Caulfield, to occur in certain tuberculous sera, and 
which have the effect of producing negative reactions in sera which 
contain antibodies. The interaction of these factors in various 
quantitative relations may give rise to various hypothetical con- 
tingencies in the test reactions of a serum, the most important of 
which appear to be the following: 


Case 1—No antigen is or has been present in the body, therefore we get a negative 
reaction since there is also no antibody. 
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Case 2.—Antigen is present but for some reason there is no antibody formation—nega- 
tive reaction. 

Case 3.—Antigen is present, but the antibody is quantitatively insufficient to more 
than saturate the antigen; it therefore remains undetected, and the reaction is negative. 

Case 4.—Antigen and antibody are present, the latter in such excess that it can be 
detected, and a positive reaction results. 

Case 5.—Both are present, but there is also an inhibiting substance which interferes 
with the reaction of fixation, which therefore results negatively. 

Case 6.—The antigen formerly present has disappeared and no more is being lber- 
ated, but the antibody evoked by it still remains, being demonstrable in decreasing 
amounts on successive examinations. ? 


Considered in the light of these hypothetical possibilities the ob- 
served discrepancies in the results of examining a series of patients 
become more reasonable, and susceptible of interpretation. 

Cases 2, 3, and 5 are those in which confusing disagreement be- 
tween the serum and clinical findings would be expected. In case 2 
the presence of antigen means that there is active tuberculosis. 
Certain individuals and certain experimental animals are unable 
because of some physiological peculiarity to respond to the stimulus © 
of antigen by the production of antibodies. Human ‘tuberculous 
cases in this category will not be detected by complement-fixation 
tests unless these tests are developed in the direction of demon- 
strating circulating antigen rather than antibody. In the same case 
are those patients in advanced stages with lost “resistance” and also 
lost reactive ability, but here the clinical picture will be sufficiently 
distinct to prevent confusion as to the real condition. Under case 3 
would come those cases of moderately advanced tuberculosis in 
which, owing to an even balancing of antigen and antibody, neither 
would be demonstrable in vitro in case we assume intra vitam fixa- 
tion of complement. In this class of cases repeated tests might be 
valuable. In case 5 the operation of inhibiting bodies is assumed. 
Calmette and his coworkers have devoted their attention principally 
to devising means of avoiding the operation of these bodies in tests— 
of detecting antibody despite their presence. My own attempts to 
remove supposed inhibiting bodies from the serum of active cases 
which failed to show fixation, by the method used by these authors 
(dilution, heating, passing through CO, gas and restoring tonicity) 
have been but partially confirmatory, although they have as yet been 
too few to be conclusive. I have not thus far been able to convince 
myself that the changes produced by this treatment of serum are re- 
lated to specific fixation, since I have seen such treatment result in 
the appearance of fixation in the serum of persons not having any 
suspicion of active tuberculosis. 

Caulfield, on the other hand, instead of attempting to avoid the 
obscuring effect on antibodies of these inhibiting bodies, has found 
significance in their presence. In a general way they seem to be of 
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favorable import, while the complement fixation is indicative of a 
dubious or stormy course of the disease with many ups and downs. 
Both observers are at one in attributing the action of the inhibiting 
bodies to their influence upon the antigen. These bodies are selec- 
tive as regards the particular antigens which they affect. That they 
do not operate upon all antigens is shown by the fact that observers 
are obtaining positive reactions of fixation in over 90 per cent of 
cases of tuberculosis with certain antigens. | 

In summing up the present status of complement fixation tests in 
relation to tuberculosis as indicated by a review of the recent litera- 
ture and in the light of my own work, the following generalizations 
appear to be justified. Depending upon the antigen and the technic 
employed, the proportion of tuberculous cases in which positive 
fixation will be demonstrated will vary from a maximum of some 95 
per cent down to a much lower figure. While those antigens and 
technics giving the higher percentages of positive results are more 
valuable in confirming suspected and detecting unsuspected cases, 
they tend to approach such tests as that of von Pirquet in failing to 
afford much information as to the stage, extent, and activity of the 
tuberculous process. Nevertheless, the continued presence of reac- 
tive bodies in the serum of a given patient on repeated examination is, 
I believe, strong presumptive evidence of continued or recent activity 
of the lesions, when no antigens have been artificially administered. 

Those antigens and technics affording a smaller percentage of 
positive reactions may still be valuable in confirming clinical obser- 
vations as to the activity of the disease. Repeated observations 
would appear to have particular value in this connection. Thus in a 
patient who from a clinical standpoint had reached the condition of 
arrest or cure, repeated negative reactions would be confirmatory, 
while as long as positive results cropped up we should be justified in 
suspecting continued activity and expecting perturbations. Only 
in the terminal stages does a negative reaction have sinister import, 
and here it may be regarded as part of the general loss of vital reac- 
tivity. Positive reactions are not indicative of immunity and the 
reaction should not be described as an immune reaction. The 
artificial increase of complement-fixing bodies by the therapeutic 
administration of products derived from the tubercle bacillus can 
not be assumed to indicate improvement in the condition of the 
patient. That it may prove to have such significance in the case of 
certain products can not be denied, but proof must be demanded in 
each case. It appears from my own work that the administration of 
certain products derived from the tubercle bacillus may result in the 
increase of complement-fixing bodies, but that this is not necessarily 
associated with improvement in the condition of the patient—in 
fact, the evidence is rather in the opposite direction. 
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The complement-fixation reaction with inactivated serum and 
with the antigens now more generally employed appears to be highly 
specific. Inasmuch as a number of recent workers have obtained 
high percentages of positive results with Besredka’s new antigen, it is 
likely that this preparation will be the subject of considerable inves- 
tigation in the near future. If Bronfenbrenner’s conception of the 
nonlipotropic nature of the reaction of syphilitic serum with this 
antigen proves to be correct (and his opinion appears to be well 
grounded), one objection to the employment of the latter will be 
removed. At the same time serological support will be given to the 
idea that syphilis greatly predisposes to tuberculous infection, and 
the venereal disease will assume even greater importance from a 
public health standpoint. 

It is difficult to forecast the réle which complement fixation tests 
are destined to play as applied to practical tuberculosis work. Now 
that work along these lines is tending toward greater unanimity, and 
we are able to summarize the significance of a positive result as 
reactive power against recently liberated antigen, some promise is 
given that tests of this nature may become valuable aids in the 
diagnosis, prognosis, and management of tuberculous cases. Espe- 
cially will this be the case when practicable methods are developed 
for estimating not only the antibody, but also the antigen content of 
serum, a phase of the subject which is already receiving attention. 

In its present condition this test can be of little assistance to the 
private practitioner. In institutional practice, however, I believe 
that the introduction of these tests as a routine, parallel with the lues 
fixation tests, would be advantageous. This I believe because the 
tests are highly specific and because when positive they indicate 
present or at least recent activity. The fact that negative reactions 
have no value in excluding tuberculous infection must, however, be 
fully appreciated. In every large general hospital will be found cases 
in which physical examination has elicited obscure signs of tuber- 
culous lesions, but in which, perhaps after a single negative sputum 
examination, no further attention has been paid to the tuberculous 
element. Some of these patients undoubtedly have active lesions, and 
yet the excellent opportunity afforded by the hospital conditions for 
salutary information, advice, and training is often lost, to the detriment 
of both the patient and the public. Any test therefore which will serve 
to emphasize the presence of tuberculous complications must ulti- 
mately be of benefit, even though it may not operate at all stages nor 
in every patient. 

I desire to make grateful acknowledgment of the courtesy of Dr. 
W. D. Tewksbury, of the Washington Tuberculosis Hospital, and his 
assistants, and of Passed Asst. Surg. F. C. Smith, Public Health 
Service, in securing or permitting the taking of the specimens of serum 
examined in the original work here reported. 


II.—REPORT OF AN INVESTIGATION OF DIPHTHERIA 
CARRIERS.! 


By JosEPH GOLDBERGER, Surgeon, C. L. Wii1aMs, Assistant Surgeon, and I. W. 
Hacure., Bacteriologist, United States Public Health Service. 


INTRODUCTION. 


During the winter of 1913-14 an opportunity occurred for study of 
the distribution of diphtheria carriers among the population of the 
city of Detroit, Mich. This was undertaken as a part of an exten- 
sive investigation of diphtheria from a public-health standpoint. 
Unfortunately this work was interrupted by the detailing of both the 
senior writers of this report on epidemic duty. However, the inves- 
tigation of carriers in Detroit forms a fairly complete unit, and we feel 
that the results are of sufficient importance to be presented at this 
time. 

ACKNOWLEDGMENTS. 
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tion of smears. It is also a pleasure to acknowledge the very helpful 
cooperation extended to us by Dr. W. H. Price, health officer of 
Detroit, and many courtesies shown by Dr. E. M. Houghton, director 
of the research laboratory of Parke, Davis & Co. 


OBJECT. 


_ For nearly a year prior to the commencement of this investigation 
diphtheria had been unusually prevalent in Detroit, and it was orig- 
inally our object to determine the percentage of carriers present 
during a time when the disease was of frequent occurrence. This 
object was modified, however, due to the marked decrease in the 
number of cases and deaths about three weeks before starting the 
collection of cultures, so that it resolved itself into a determination 
of the percentage of diphtheria carriers in the population at large 
shortly after a time of greatly increased prevalence of the disease. 

In reviewing the literature on the subject of diphtheria carriers one 
is struck by the fact that in most instances the subjects of examina- 


1 Manuscript submitted for publication Mar. 15, 1915. 
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tion are inmates of institutions or are restricted to one or two par- 
ticular classes of persons, as school children, medical students, patients 
at clinics, etc. The reason for this is probably the more ready accessi- 
bility and less expense involved when the examination is confined to 
members of more or less well-defined readily accessible groups. A 
fairly comprehensive survey of the literature has failed to show any 
previous study where the incidence of diphtheria carriers was de- 
termined by cultures taken indiscriminately from healthy persons 
of all classes in the community. 

During the progress of this investigation opportunity was found for 
the following coincident studies: 

1. Comparison of the relative values of cultures from different sources. 


2. Tests of virulence and acid production. 
3. Observations of Hoffman’s bacillus. 


LITERATURE. 


We regret that the pressure of other duties has prevented the | 
preparation of a résumé of the pertinent literature. The reader is 
referred to Nuttall and Graham Smith’s excellent monograph, The 
Bacteriology of Diphtheria, and to the article by Neisser and Gins,? in 
Kolle & Wasserman’s Handbook (2d ed.) for a complete bibliography. 


COLLECTION OF CULTURES. 


Our search for diphtheria carriers was inaugurated December 22, 
1913, and concluded March 4, 1914. In that time a total of 4,093 
apparently healthy persons and 95 persons suffering with clinical 
symptoms of diphtheria were examined. A total of 9,489 cultures © 
were taken from these and examined. 

In the hope of securing a representative portion of the population 
as a whole, a house-to-house visitation was carried out in representa- 
tive sections of the city. In addition some cultures were taken from 
children visiting the daily clinics at the board of health, principally 
the dental clinic, and on a few occasions from children at school and 
workers in factories. In going from house to house, cultures were 
taken so far as possible from all persons found at home. 


Taste 1.—Showing number of healthy persons examined, grouped according to age. 


Age in years. 


0-1 | 2-5 | 6-10 | 11-15 | 16-25 | 26-35 | 36-50 | 51-65 | 66-80] 80 
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An attempt was made to get our cultures so distributed as to be 
representative of the age and sex distribution of the general popula- 
tion. Table 1 shows the age distribution of the healthy individuals 
cultured. As will be seen, we succeeded in part only since, as a 
matter of fact, we have a disproportionately large number of females 
and of children between the ages of 5 and 15 with consequently 
smaller numbers of males and persons over 15 years of age. Among 
the 4,093 apparently well persons examined there were 1,600, or 39 
per cent, males, and 2,493, or 61 per cent, females. In the total 
population of the city of 465,776 (Census of 1910) there were 240,354, 
or 51.7 per cent, males, and 225,412, or 48.3 per cent, females. Among 
persons examined the age groups 0-5 years; 6-15 years, and 16 years 
and over constitute 16.3 per cent, 31 per cent, and “52.7 per cent, 
respectively, while among the total population these groups com- 
prise 12.3 per cent, 16.4 per cent (approximately), and 71.3 per cent 
(approximately). 

The occupations of the persons furnishing our cultures were in a 
general way as follows: School, 1,974; in business and various occu- 
pations mostly engaged in by men, 693; housework, 1,182; unknown 
or none, 244. 

The cultures were made on Léoffler’s blood serum exclusively. 
This was prepared for us by Parke, Davis & Co., in whose excellently 
equipped laboratory our work while in Detroit was done, space for 
this purpose being rented from the firm. The medium was controlled 
at short intervals by cultures from clinical cases of diphtheria and 
test cultures of known B. diphtherie. It was found to support a 
good growth of this organism at all times. 

Cultures were made from the throat, from the nose, or from both, 
in each case on a single slant. From some individuals only a single 
culture inoculated from the nose and throat was taken. From others 
three cultures were secured at one time; one from the throat, one 
from the nose, and the third from both nose and throat as above. 
When three cultures were taken at one time the procedure was to 
make the throat culture first and to reenter the throat with the same 
swab for material for the combination culture. Next the nose culture 
was made with a fresh swab, reentering both nostrils with the same 
swab for material to complete the combination culture previously 
inoculated with the throat swab. In this way only two swabs were 
necessary for making the three cultures. When only asingle culture, 
inoculated from both the nose and throat, was made, two swabs were 
always used, one for the throat and the other for the nose. 


oz 
EXAMINATION OF CULTURES. 


Cultures were made during the day between the hours of 9 a. m. 
and 5 p.m. They were taken to the laboratory and placed in the 
incubator at 5.30 p. m., and removed the next morning at 8.30, 
remaining in the incubator at 37° for 15 hours. The making of 
smears was commenced at 8.30 and finished as a rule by 10 a. m. 
The average number of smears per day was 158, much less at first, 
but rising to 300 or more toward the end of our work. Smears were 
stained with Léffler’s alkaline methylene blue for 30 seconds and 
examined under oil immersion lens. Where doubtful organisms 
were encountered additional smears were made and stained with 
either Neisser (old) or Ljubinsky’s stain, or both. 

The routine procedure in the examination of smears was to view 
at least 30 fields before declaring a smear negative. At first every 
slide was examined by two persons, each keeping a separate record 
and comparing notes after all were examined. Discrepancies were 
checked by reexamination of the same or additional smears. When 
after examination of about 2,000 cultures the daily average was 
raised to 300, it was found impracticable for two men to see every 
slide, so that a system was adopted whereby the smears from the 
different cultures from each individual were examined by different 
workers. Thus, one man would see the nose smear, another the 
smear from the throat, etc. Whenever a positive smear was en- 
countered by one man it was checked by one or more others, and the 
smears of the other cultures from the same individual were given 
additional scrutiny before considering them negative. However, in 
those instances where only a single culture was taken from an indi- 
vidual the smear was always examined by two persons. In doubtful 
cases the culture was reincubated and reexamined the next morning’ 
while coincident isolation of the suspicious organism was attempted, 
final decision being based on the results obtained with these pro-. 
cedures. 

In order to standardize our method, Wesbrook’s Types (1) were: 
used as a criterion, only organisms corresponding to the A.C. D. and. 
A’ or ©’ types being declared positive, including, however, the 
“Sheath” type as described by Eyre (2). As has been noted by 
other workers, we found organisms that, strictly speaking, did not. 
belong to any of these types. Atypical forms were classed with the: 
types which they most closely resembled. In only four or five cases, 
however, was there any doubt as to .the nature of the organisms not. 
corresponding strictly to the types. In these instances reincuba- 
tion of the culture or isolation of the organisms showed them to be,. 
at least morphologically, not B. diphtheriae. As a help toward close: 
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observation, a note was made of the different forms of bacteria seen 
in each smear. Wesbrook’s types were used to designate diphtheriod 
bacilli, types EK? and D* being regarded as Hoffman’s bacillus. 

An attempt was invariably made to isolate the organisms that we 
recognized as morphologically diphtheria. For this purpose Léffler’s 
serum media plates were used. A loopful of an emulsion of the 
culture in bouillon was streaked on a series of three plates. After 
20 hours incubation colonies were picked and smears examined. In 
the search, at least 30 colonies were examined, if necessary. This 
method of isolation was not satisfactory when the organisms sought 
for were few in number in the original smear; in most of such cases 
the plates failed to show diphtheria colonies. In one or two cases 
where the organisms were numerous in the original smears they were 
lost in the plates, because of the presence of a ‘‘spreader”’ in the 
culture. When isolated, the culture was always replated in order to 
insure purity, two cultures, each representing a separate colony, being 
‘preserved for further study. 

The routine procedure for the preservation of cultures was to grow 
them on serum at 37° until good growth was obtained, one to three 
days being required, and to keep thereafter in cold room at 15° C., 
transfers to fresh media at first being made every two weeks. This 
time was soon shortened to one week after three cultures from car- 
riers had been lost through failure to grow on transplanting. After 
three months of this treatment most of the cultures were transferred 
to plain agar, kept at room temperature and replanted monthly. 
A few still required serum and fortnightly transfer for preservation; 
all of the latter proved nonvirulent. The same technique was used 
for the isolation and preservation of diphtheroids, including Hofl- 
man’s bacillus. 

All cultures were taken to the Hygienic Laboratory, Washington, 
D. C., for virulence and acid-production tests. 


FREQUENCY OF CARRIERS. 


During the course of this investigation a total of 4,098 individuals, 
all apparently healthy, were examined. Two of these very shortly 
after cultures were taken developed mild clinical symptoms of diph- 
theria (sore throat, slight temperature, and general malaise) and gave 
positive virulent cultures; while three others, with positive cultures, 
gave definite history of contact with cases very suspicious of, or 
positive, for diphtheria. The culture from one of these, a contact 
with one of the mild cases cited above, was virulent; that from the 
second was nonvirulent; the third we failed to isolate. Excluding 
these five we have for consideration 4,093 apparently healthy indi- 
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viduals without history of direct contact. These furnished us with a 
total of 8,758 cultures, as shown in Table 2: 


TABLE 2. 
Total cultures of different 
types. 
Number YP 
Type of culture or cultures. of indi- 
viduals. Con: 
Nose. | Throat. | pined. 
Nase CUltuiTreOuly< or o2cece wenn cece si oe ge cine eee - eee ae 5 Bolsa: slew tareeee 
Throat CUMUNG ODT Aeacc dst co rece ease te eee S208: cota 320) |RSeeee eee 
Combined noseand throat only....-... 2.2... = +e bee 2). VaR a | Sara a 1, 422 
AeneéseanG a throavKOnly scene. aches keene esse ees 26 26 26 ripe see 
A throatand a “combined” ONLY ...5 << j-- oe tein a oe -Ee = ii eee eee oe 1 1 
A nose, a throat, and a combined only..........--------------++- 2,319 2,319 2,319 2,319 
Potalinehs <osmi ena eae ee ee 4,093 2, 350 2, 666 3, 742 


These cultures showed a total of 38 carriers or about 1 (0.928) per 
cent of the population examined. Since these cultures were taken 
from a large number of individuals indiscriminately selected from the © 
population at large in various parts of the city, the results obtained 
will probably serve as a fair index of the proportion of carriers among 
the whole population. They indicate that persons harboring organ- 
isms in the throat or nose morphologically identical with B. diph- 
theriae constituted about 1 per cent of the population of Detroit, or 
in other words, there were in that city about five to six thousand 
diphtheria bacilli carriers. 

These results are low as compared with those obtained by the 
majority of other workers in this field. In reviewing the literature 
results above 2 per cent are more often found than results below this 
figure. In 1902 the committee of the Association of Massachusetts 
Boards of Health (4) reported on the examination of 3,096 healthy 
persons in the East among whom were found 43 carriers, or 1.39 per 
cent, and of 1,154 persons in Minnesota among whom were found 80 
carriers, or 6.93 per cent. In 1907 von Sholly (5) reported on the 
examination of 1,000 persons, most of them children. Throat cul- 
tures only were taken. Among these 56 positives were found, or 5.6 
per cent. The bacilli were all isolated in pure culture and tested for 
virulence, 18, or 1.8 per cent, of the persons examined being found 
virulent. In 1913 Moss (6) reported on the examination of 1,217 
school children in Baltimore, Md., and of 1,290 inmates of faculty 
members’ homes and students’ boarding houses of Johns Hopkins 
University Medical School. Throat cultures only were taken. 
Among the school children were found 44 carriers, or 3.61 per cent. 
The organisms were isolated from 33 and tested for virulence, 6 being 
found virulent. In the other group of 1,290 persons were found 45 
carriers, or 3.48 per cent. The examination of these latter persons 
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seems to have been conducted at the time of an epidemic of diphtheria 
at the Johns Hopkins Medical School and Hospital, reported by 
Ford (7) in 1911. 

Table 3, taken from Nuttall and Graham Smith (3), gives the 
findings of some other workers: 


TABLE 3.—Observations on prevalence of carriers. 


Persons Persons 
se q| harboring | harboring 

Observer. oe one virulent |nonvirulent 

pu aktde qd, | ,,Pacillus bacillus 
; * |\diphtheriae.|diphtheriae 
BO OG WONG! SOD) EL Gc le A: Vee Se do oS ose eo es 274 2 23 
EN DLDSEP CSNY esc ease a a pg Se Edt ott 588 0 3 
SEPRNRGE CIO) here Ss Serst eie Bod oo Noes be bind alk gtciiaminn s SURee 235 0 1 
mM RCE CR ea Oe a Bae cRincnwee cowdereds 43 0 0 
mupom winpupliched) 22 0)... Ad Sac e bok ooo et ose lees 90 0 0 
NTC ieee tne ee Sos eG fcc dine ce wk Solas fed cv ~nscae eek 415 0 17 
MeL AMOUHASULU MA ELOOS beans oD) & 2 oe <i Se cee de ich See e ee oe ae ess 362 0 1 
PEE UORLOO nah os css Sees oo dand'e sale a oa Rea ee paoeaaeeeh 125 2 11 
DOTS Ee ES AS SR ek Sa eps Ba eee ag ai Sy TS a 2,132 14 2 56 

10.18 per cent. 2 2.62 per cent. 


RELATIVE VALUE OF DIFFERENT TYPES OF CULTURE. 


_ The question of how many and what cultures to take in searching 
for the bacillus diphtheriae for purposes of ‘‘release”’ from quarantine 
or in the search for carriers is one of considerable importance. The 
increase in expense and trouble in taking multiple cultures is a 
decided argument against this procedure, and one sufficient to justify 
the use of any single culture that in practice will give an approxima- 
tion to the ideal. Having this consideration in mind we planned our 
work with a view of obtaining data that might be helpful in estimat- 
ing the relative value of different types of culture. In Table 4 we 
give a statement of the number of the different types of cultures fur- 
nished by the 4,093 individuals studied and also the number of car- 
riers disclosed by each method of culture. This shows at a glance 
the relative value of each. 


TABLE 4. 
Total num- 
FN Rr Temat Number of Ser hcnp ata Number of | Per cent 
yP : cultures. furnishing carriers. | carriers. 
cultures. r 

“) SERGE gic a Se ee os ee A ta BE ee 2, 666 2, 666 14 0.525 
MN ee a om ee). oe eee AS 2,350 2, 350 16 . 680 
ueeoined nose and throat ...c- =... 2k. co. dee ace csencs 3, 742 3, 742 26 . 694 
2 cultures, 1 from nose and 1 from throat............... 4, 690 2,345 24 1.023 


3 Cultures, 1 from nose, 1 from throat, and 1 from both 
SERA MEOMUE LOGOS, Hin Sch tte ore Sood aes be wnat Soe a 6, 957 2,319 26 1.121 
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The low rate from the throat culture is of obvious import. This is 
the culture most commonly taken in board of health work, and it is 
evident that if it is used alone a considerable percentage of carriers 
will be missed. The slightly higher result obtained by the use of a 
single combined nose and throat culture and decidedly higher result 
obtained by employing two cultures, one from the throat and the other 
from the nose, suggests the greater value of these methods for detect- 
ing the presence of carriers. The combined result of the three 
simultaneous cultures, as might be expected, shows the greatest 
percentage of positives, but the lead over separate nose and throat 
cultures considered together is slight and is evidently due to the 
greater chance of striking the organisms sought for when the larger 
number of cultures is taken. 

It would appear that in a search for carriers (or contacts) where 
the taking of a single culture only from each person is practicable 
the combined throat and nose culture should be used. Its use 
requires a comparatively slight increase of expense over single throat 
or single nose cultures, a double quantity of swabs being necessary. 
Where more than one culture from each individual is practicable, 
from the standpoint of cost and laboratory facilities, separate throat 
and nose cultures should be made. All extra cultures besides these 
two increase the chance of getting positive results where the bacilli 
sought for are few in number. 

Data similar to the foregoing in regard to cultures from clinical 
cases were obtained by taking from each of a number of such cases 
one nose culture, one throat culture, and one ‘‘combined” culture 
at the same time. Positive results were obtained in one or more 
of the three cultures from each of 42 cases. Comparing the results 
from different cultures, we find that of the 42 throat cultures, 34, or 
80.1 per cent, were positive; of the 42 nose cultures, 21, or 50 per 
cent, were positive; and of the 42 combined cultures, 32, or 76.2 
per cent, were positive. : 

Further examination of the results shows that in 18 cases the throat 
culture was positive while the nose culture was negative, while in 
only 5 cases was the reverse true. In 3 cases only the ‘‘combined”’ 
culture was positive, while the throat culture and the nose culture were 
both negative. These results indicate that no single culture in clini- 
cal cases gives 100 per cent results but that, as might be anticipated, 
a throat culture comes nearer to this than any other single culture. 


VIRULENCE TESTS. 


Technique.—Virulence tests of cultures isolated were made as 
follows: The two strains of each culture were planted in Smith’s 
sugar-free bouillon and transferred through five generations or more, 
until a good growth was obtained in 24 hours. Daily transfer was 
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made when there was good growth, but when the growth was poor 
transfers were made at 48 or even 72 hour intervals until organisms 
were sufficiently habituated to allow daily transplants. Ordinary 
culture tubes were used to contain the bouillon and were slanted in 
the incubator to allow more surface exposure of the media. When 
good growth was obtained 2 c. c. of a 72-hour culture were injected 
beneath the skin of the belly wall of a 250-gram guinea pig. If the 
guinea pig remained alive 10 days or more and no paralysis developed 
within four weeks, the organism was considered nonvirulent. All 
animals dying were autopsied, and if signs of diphtheria were not 
found the inoculation was repeated. None of our cultures, other 
than those proving virulent, caused the death of any animals on 
repeating the test, though in the first test the injection of two of 
what proved to be nonvirulent cultures was followed by death within 
six days without, however, causing any appreciable macroscopic 
lesions of diphtheria. None of our animals developed paralysis. 
When an animal died within 10 days with signs of diphtheria at 
autopsy, a set of three guinea pigs, 250 grams weight, were next 
inoculated with 1 ¢. c., 0.lc. ¢., and 0.01 c. ¢., respectively, of a seven 
days’ culture of the same organism. Under these conditions all of 
the cultures that we considered virulent killed within six days in 
1 c. c. and 0.1 ¢. c. doses. None of them killed in 0.01 c. c. dose. 
A final test was made by inoculating one guinea pig with 0.2 c. c. of a 
seven days’ culture, that is, twice the fatal dose, while a control 
received 2 c. c., 20 times the fatal dose plus 250 units of antitoxin. 
For a positive result it was required that the unprotected animal die 
within six days with signs of diphtheria, while protected animals sur- 
vived. In all eases the amount of fluid injected was 2 to 24 ¢. ¢., salt 
solution 0.9 per cent being used as a diluent. 

Results.—We isolated the organism in pure culture from 19 of our 38 
carrier cases, an even 50 per cent. All of these were tested and 2 
found virulent. On this basis it may be assumed that 4 of our 38 
carriers harbored virulent bacilli. This would give a ratio of 4 in 
4,093 persons, or 0.097 per cent who were carriers of virulent bacilli. 
This result is somewhat lower than the rate compiled by Graham- 
Smith and shown in Table 2, namely, 0.18 per cent. 

It is interesting to note that our two carriers with virulent culture 
were school girls, 7 and 11 years of age, respectively. 


ACID PRODUCTION. 


Technique.—All of the cultures isolated were tested for acid pro- 
duction. The organisms were planted on sugar-free bouillon to which 
had been added 1 per cent dextrose, instead of the 0.1 per cent used 
for toxin production. These cultures were allowed to grow for eight 
days, and then titrated against N/20 sodium hydrate. Nearly all of 
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the cultures grew well in this medium without education; a few had 
to be educated by transfer every other day through three or four 
generations. 

The cultures were titrated according to the standard methods for 
titrating media. The cultures were always planted in a media with 
a reaction of +0.5. Two blank tubes of the same media were incu- 
bated with every set of cultures and titrated along with them in order 
to determine the increase of acidity due to evaporation, etc. 

Results.—All cultures isolated from carriers were tested for acid 
production with results as shown in Tables 5 and 6. 


TABLE 5.—Showing results of test for acid production by 2 virulent cultures from carriers, 
2 strains of each culture being tested. 


(Result after 8 days’ incubation.) 


Reaction. Reaction. 
Net Net 
Culture No. <a S y Linerease Culture No. SS 
Culture. | Blank. acidity. Culture. | Blank. acidity. 
ANA Ss Ope Bag ene +5.2 +1.1 ANT He OAG. 3.2. omtee soe te +5.7 +1.1 4.6 
MIAO Bee ree +4.8 +1.1 Se7ae646as =< 8ec See see 57, ofl 4.6 


TABLE 6.—Showing results of acid production by 17 nonvirulent cultures morphologically 
diphtheria from carriers, 2 strains of each culture being tested. 


(Result after 8 days’ incubation.) 


Reaction. Net Reaction. _ Net 
Culture No. SS Perens Culture No. — sce 
Culture. | Blank, | 2¢idity. Culture. | Blank. 

PSO) Sora ae reat i) +6.5 +1.9 GAG lB oatOASe aR. a. see +6. 4 +2.0 4.4 
LSS iy Wie mie Se SR ee See ate +6.1 +1.9 BED NI SOO Dee Uhic week hn cae +5.8 +1.6 4.2 
SSO MES areata Sree +5.5 +1.9 SuGalno Oo ae eee Rie eee +5.8 +1.6 4.2 
WSs9de ee ee eee +5.9 +1.9 AO MW e4OUS Fis ct dee ce 3 +3.8 +1.6 229 
OG Ue Rene etree EE +4.0 +1.9 ATE EE RCC) Et a Sea we oe +3.6 +1.6 2.0 
DAT LOE arose Seiten cee +5.0 +1.9 SEAS wast: one ok a eee +4.7 +1.1 3.6 
AR Re Im te, Se eae +3.5 +1.9 PeGellPA0S0aes sabes cee +4.7 +1.1 3.6 
QAR AEE S wtaeetin tAsy. +3. 2 +1.9 TESS Ite vO ropa ay caf Si, eke ee ee +1.7 +1.1 .6 
DON ee ee ee ae +4.5 +1.5 30" |RAQ0S8ae = ae orcses +1.8 +1.1 ay; 
QSUN (gees SIR aie +4.5 +1.5 SeOcHOSOSa ere ss ete Le +4.0 +1.1 2.9 
DOM AG a een, 8 Soja eicxs +6. 4 +2.0 BAAD SOSA asses ee eee +2.6 +1.1 1.5 
DOAGAS ERP Nema toe +6.8 -+2.0 AER MGSO Ges \a-..eon eect ae +5.3 +1.1 4.2 
DOR ere oacle Menai +6.2 +2.0 AQF ODO Tacme cs ees sees +5.7 +1.1 4.6 
DOBS AR oa. Saas mes ae +5.8 +2.0 BRS KQOOOREE Se Shine ees +4.6 +1.1 3.5 
BUY Vastra sa eeereee +3.5 +2.0 LO: OOOO SE! aes. eo ee +4.9 +1.1 3.8 
SO20ae se hee +3.7 +2.0 EWS SQOo ee Si cease ote oe +5.4 +1.1 4.3 

(FREI A 5 So 7 fs ee re er +5.6 +1.1 4.5 


OT Fie Deeper Ee RP Ie | E62 +2.0 


It will be seen that all are acid producers, only one nonvirulent 
culture (two strains) causing an increase of less than one. 


AGES AND SEX OF CARRIERS. 


It is of interest to note the wide range of ages among persons found 
with positive cultures. The youngest among the carriers found was 
4 years of age, the oldest 72. Four carriers were 60 years old or over 
and 8 under 15, the others ranging between these ages. 
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Table 7 shows the distribution of carriers in the different age groups. 
In regard to sex it is found that among the 1,600 males examined 
there were detected 12 carriers, or 0.75 per cent, and that among the 
2,493 females examined there were found 26 carriers, or 1.09 per cent. 


TABLE 7. 
Per- Per- 
Number | Number Number | Number 
Age. sys : tag : are ; 

8 positives.| in group. Seite, Age positives.| in group. poses 
ORIRViGANS = 282 ssc asc acaeee ee LOSS ieee eles 36-50 years......... 3 450 0. 67 
2-5 years ......-...- 1 510 2 51-65 years......-.- 3 176 1.73 
6-10 years..:.. 2... 4 599 67 66-80 years......... 2 82 2.5 
Tilo years:22.54. 22 7 673 LS Ooull SOW CANS a)... ae saa fs Sars O) dries 
16-25 years... ..<. 4. 8 699 1.15 || Unknown (alladult 
26-35 years........- 6 633 95 females).......--.. 4 110 3.77 


SUPPLEMENTARY STUDIES. 


VIRULENCE AND ACID TESTS ON B. DIPHTHERIZ—DIPHTHEROID BACILLI AND HOFFMAN’S 
BACILLUS. 


Virulence and acid production tests were made on 30 cultures 
morphologically diphtheria, isolated from clinical cases. We also 
tested 47 cultures morphologically Hoffman’s bacillus and 12 cultures 
of short barred (D’ and E’ type) organisms that were isolated, some 
from clinical diphtheria and some from healthy individuals. 

In no case was there found a virulent culture of Hoffman’s bacillus 
or of the short barred forms. Among those morphologically B. 
diphtheriz, all isolated from clinical cases, 29 were found virulent and 
1 nonvirulent. The single nonvirulent organism was secured from 
the throat of a patient while in the active stage of the disease. This 
same patient became on convalescence a carrier, virulent B. diph- 
theriz being isolated from a throat culture taken over a month after 
all clinical signs had disappeared. This would suggest that this 
individual harbored both nonvirulent and virulent organisms, the 
former being isolated at the first and the latter at the second test. 

Among the organisms morphologically B. diphtheriz, acid pro- 
duction ranged from an increase of 2.4 as the lowest figure to 4.7 as 
the highest. The single nonvirulent culture caused an increase of 4.3. 

Among the barred bacilli, acid production ranged from 2.4 increase 
to 3.8 increase, with one exceptional 5.5 increase. 

Among the cultures morphologically Hoffman’s bacillus the range 
was from a decrease of 1.9 to an increase of 1.6. Among the 47 
cultures, however, only 6 showed an increase, all of the others causing 
a decrease in acidity. 
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PREVALENCE OF HOFFMAN’S BACILLUS. 


The method of recording our findings in the smears examined for 
carriers has given us some interesting data with respect to the fre- 
quency of occurrence of Hoffman’s bacillus. In the 4,093 individuals 
examined we found 1,327, or 32.4 per cent, with this bacillus. In a 
special group of 2,319 of these individuals examined by the ‘‘three 
cultures” method we found it in 971, or 41.9 per cent. The latter 
finding we believe to be the more nearly representative of actual 
conditions. Throat cultures from 2,666 individuals showed its 
presence in 118, or 4.2 per cent, whereas nose cultures from 2,350 
individuals showed it in 790, or 33.7 per cent. These findings, in 
harmony with those of previous workers, point very clearly to the nose 
as the normal habitat of this organism. . 


SUMMARY. 


1. Cultures from 4,093 healthy people in the city of Detroit were 
examined for diphtheria bacilli. 

2. Thirty-eight (0.928 per cent) were found to harbor B. diph- 
therie (morphological). 

3. Of 19 cultures isolated from 19 of the carriers, 2 were found to 
be virulent, suggesting a possible 0.097 per cent of the individuals 
examined as carriers of virulent bacilli. . 

4. Comparison of the value of different types of single cultures for 
the detection of carriers shows that the throat culture gives the 
lowest and the combined nose and throat the highest results. The 
latter, however, is but slightly higher than that from the nose alone. 

5. The combined results of a throat and of a nose culture give 
markedly better findings than those of any single culture. 

6. The combined results of a throat, a nose, and of a combined 
nose and throat gave us the highest findings, but this does not appear 
to be greatly superior to the two-culture finding. 

7. All carrier cultures islolated, 19 in all, were found to be acid 
producers. 

8. Twenty-nine of 30 cultures of B. diphtherie from clinical cases 
were virulent and all 30 were acid producers. 

9, Of 47 cultures morphologically Hoffman’s bacillus, 6 showed 
some acid production; 41 were alkali producers. All 47 cultures 
were avirulent. 

10. Hoffman’s bacillus was present in at least 41.9 per cent of 
2,319 individuals. 
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III.—_THE EXCRETION OF THYMOL IN THE URINE.! 


By ATHERTON SHIDELL, Technical Assistant, Hygienic Laboratory. 


It has been shown in a previous paper? from this laboratory that 
only insignificant amounts of ingested thymol are excreted.in the 
feces. This would indicate that thymol is almost completely ab- 
sorbed from the alimentary tract and must therefore be oxidized in 
the body or excreted in the urine. That the latter process undoubt- 
edly takes place to some extent, at least, was shown a number of 
years ago by Blum,’ who isolated thymol glycuronate in the form 
of the dichlor compound from the urine of patients who had received 


__thymol. Although the quantitative recovery of thymol has appar- 


ently not been attempted, experiments with phenol have been made. 
Thus Tauber? showed that of various amounts of phenol adminis- 
tered to a dog, less than 50 per cent was recovered from the urine and 
only traces from the feces. Similar results were also obtained by 
Schaffer® and the additional fact established that no increase in 
excreted oxalic acid occurs after phenol. An experiment made upon 
himself by de Jonge® showed that, of a total of 0.100 gm. phenol 
taken in three doses during some seven days, approximately 78 per 
cent was recovered in the urine. 

The method used by Blum for the isolation of the thymol glycu- 
ronate is not susceptible of quantitative application, and no experi- 
ments have so far been made which show what proportion of ingested 
thymol is excreted in the urme. The results of Tauber and of 
Schaffer indicate that only 31 to 62 per cent of phenol is recovered 
according to the amount given; the higher percentages being in the 
cases af the larger doses. It was believed that similar data concerning 
the fate of thymol in the body would be of value in showing the 
mechanism of the action of thymol upon hook worms and consequently 
in indicating the path to be followed in developing drugs of greater 
potency and safety than thymol. 


1 Manuscript submitted for publication Jan. 16, 1915. 

2Schultz, W. H., and Seidell, A. Orig. Com. 8th intern. Cong. Appl. Chem., 19, 281 (1912). 
3Blum. Ztschr. f. physiol. Chem., 16, 514 (1892). 

4Tauber. Ztschr. f. physiol. Chem., 2, 366 (1878). 

5 Schaffer. J. f. prakt. Chem. [2] 18, 282’ 1878). 

6de Jonge. Ztschr. f. physiol. Chem., 3, 181 (1897). 
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The method which was developed for the determination of thymol 
in urine was similar to that used in the work upon feces, and consisted 
in steam distillation from strongly acid solution, redistillation of the 
nearly neutral distillate and titration of the second distillate by the 
bromine-hydrobromic acid method.t The apparatus was composed 
of two round-bottom distillation flasks of about 300 c. c. capacity 
each, arranged in series and tilted back in such a manner that 
mechanical carrying over of the liquid from one to the next flask 
was prevented to the greatest possible extent. Asteam generator was 
provided in front of the first flask and an efficient condenser followed 
the second. 

The preliminary experiments upon normal urine-were designed to 
show the most successful means of preventing substances which 
might interfere with the titration, from coming over with the thymol. 
This was necessary since the method for the titration of the thymol 
requires that the solution be neutral, and contain no other compounds 
than thymol, which liberate hydrobromic acid upon bromination. 
The earlier experiments indicated that a previous treatment of the — 
sample with aqueous copper sulphate and dilute sodium hydroxide 
solutions, followed by removal of the precipitate by centrifugation 
and decantation, was efficient in eliminating a considerable portion of 
the interfering substances. Such a treatment was, however, not 
found necessary in cases where the urine contained large amounts of 
thymol and a relatively small volume of it could therefore be used for 
a determination. Since the hydrolysis of ‘the thymol glycuronate, 
which is the form of combination in which the thymol occurs in the 
‘urine, can only be effected by heating with strong mineral acids, pro- 
vision must naturally be made for retaining the volatile acids, which 
distill over from the strongly acidified solution, and would therefore 
interfere with the titration of the thymol. The means by which this 
was finally accomplished consisted in adding solid magnesium oxide 
to rather strong copper sulphate solution contained in the second 
flask of the apparatus, thus yielding a suspension of cupric hydroxide 
and magnesium oxide in aqueous copper sulphate solution. By this 
arrangement, the excess of strong acid added to the urine sample in 
the first flask retains the volatile ammonium compounds, and the 
faintly alkaline medium in the second flask retains a portion, at least, 
of the volatile acids which are set free from the urine sample. The 
copper sulphate solution also performs the further function of retain- 
ing hydrogen sulphide and similar compounds occasionally yielded 
by certain samples of urine. It was found that a steam distillation 
of the urine samples in the double flask apparatus as above described 
yielded in practically all cases a distillate neutral to litmus paper. In 
order, however, to be more certain of obtaining a distillate as free as 


1 Seidell. Am.Chem. J., 47, 508-26 (1912). 
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possible from substances which might interfere with the titration of 
the thymol, the procedure was extended to include the redistillation 
of the neutral distillate. This was distilled from flask 1 of the appa- 
ratus, and fresh quantities of the reagents, copper sulphate and mag- 
‘nesium oxide, placed in flask 2. By this double distillation method 
it was found that blank determinations upon normal dog urine 
required per 100 c. c. of urine, from 1.0 to 3.0 c. c. of standard 0.05 
normal sodium thiosulphate for volatile constituents which accom- 
pany the thymol. These quantities of thiosulphate correspond, 
respectively, to 0.0037 and 0.0113 gram thymol. 

One other point which arose was as to the furfural which, according 
to the Tollens method for the estimation of pentoses, pentosans, and 
glycuronic acid, would be set free from urine containing thymol 
glycuronate, during the acid distillation. Tests of the distillates with 
aniline acetate were therefore made in many instances, but negative 
results for furfural were obtained in all cases. In one experiment, 
however, upon a sample of urine containing a large amount of thymol 
glycuronate and using hydrochloric acid according to the details pre- 
scribed in the Tollens method, positive results for furfural were obtained, 
even up to over 200 c. c. of distillate. It was concluded, therefore, 
that under the conditions of the distillation as selected for the thymol 
determination, negligible amounts of furfural accompany the thymol. 

Of the several details of the method which required refinement, 
that of the amount of acid to use for liberation of the thymol from its 
combination with glycuronic acid was given early attention. A sam- 
ple of urine amounting to several hundred cubic centimeters was 
obtained from a dog to which a rather large dose of thymol had been 
given. Aliquot portions of this were distilled with the addition of 
different amounts of concentrated sulphuric acid and diluted with 
water in each case to a volume of about 200 c. c. The following 
results were obtained: 


Aqueous mixture in distilling flask 
No. 1. 
Thymol 
Concen- found 
Urine. trated H20. 
HS O04. 
(56 CoC Cac Gram 
LOOSE So 10 90 . 099 
740 US eee aU los PAS oe enews . 220+-2=0. 11 
100M ee. 22 20 80 125 
OO Seance. 5 _ 80 70 135 
IQoscuoce 40 60 119 


Similar determinations were also made on two other samples of 
urine, and results in agreement with the above were obtained. I*rom 
these it was concluded that a satisfactory concentration of sulphuric 
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acid to use is 10 per cent by volume, that is, 20 c. c. of concentrated 
sulphuric acid added to 80 ¢. ¢. of water and this mixed with 100 
C..¢,..0f UEMe. 

The mixture in the second flask consists of about 5 grams of copper 
sulphate dissolved in about 100 c. c. of water to which is added about 
1 to 2 grams of magnesium oxide. 

During a distillation, the acidified urine sample in the first flask 
gradually becomes darker as the heating progresses. The thymol 
begins to distill over as soon as the boiling point of the contents of 
the flask is reached. The approximate quantity of thymol is indi- 
cated by the amount of beading noted in the condenser and the 
opalescence of, or floating globules on, the surface of the distillate. 
Practically all the thymol comes over with the first 100 c. c. of dis- 
tillate; but, to be certain that none remains behind, a second 150 
c. c. portion of distillate is collected in a separate receiver. Glass- 
stoppered bottles of about 300 c. c. capacity are convenient recep- 
tacles for the distillates since the titration of the thymol can be made 
directly in them. 

The titration of the distillate is made as follows: About 1-2 
c. c. of carbon tetrachloride are added to the bottle and bromine 
vapor poured in intermittently with active shaking, until a per- 
manent marked yellow color of the carbon tetrachloride layer is 
obtained. The bottle is then allowed to stand in a dark place for 
about one-half an hour. Approximately 6 c. c. of carbon bisulphide 
and 5c. ¢. of 5 per cent potassium iodide are added and the liberated 
iodine titrated with standard, approximately 0.05 normal thiosul- 
phate solution. Five c. c. of 2 per cent potassium iodate solution 
are then added and the liberated iodine corresponding to the free 
hydrobromic acid, is titrated with the same standard thiosulphate. 
The difference between the first and second readings of the thiosul- 
phate solution, corresponds to the hydrobromic acid formed in the 
bromination of the thymol. The calculation is made on the basis of 
2 molecules of HBr per 1 of thymol; 1 ¢. c. 0.05 normal thio- 
sulphate is, therefore, equal to 0.003753 gram thymol. 

The experiments on dogs were made as follows: A cage provided 
with a false bottom of woven wire above a metal covered bottom, 
arranged to convey the urine to a receptacle, was used. The dog 
was usually kept in the cage for a day previous to administration cf 
the thymol in order to obtain a sample of normal urine. The thymol 
was administered in a gelatin capsule which was always placed 
inside of a larger capsule to guard against possible loss while induc- 
ing the dog to swallow it. After the administration of the thymol, 
the urine receptacle was examined from time to time and whenever 
a sample was present it was removed and a fresh bottle placed under 
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the cage. The exact time at which each sample of urine was voided 
was not known, but only the time of the visits at which the samples 
were found. The following table contains a summary of an experi- 
ment made with dog A: 


Urine samples. 


i thane Thymalt | Hencens 
ate. aan thymol 
ee Time after | Volume of founc. recovered. 
thymol. sample. 
1914 Gram Hours c.c Gram 
6-23 155 0.18 
July DE DBS NSE Oe TERA CT P SC RMS Oe 0.50 23-24 152 .04 \ 44 
31-54 145 16 
54-23 420 ell 
July PAL =6 i) 6 baa ehoouns oSe6 a SeeSiecuseosSsT 61 291-304 48 OL 44 
303-48 300 01 
6-224 570 ~38 
July 30-31. ...-------------- BSS CSc ere SE mAS 77 { 264-294 250 .02 \ 50 


From this experiment it is apparent that less than one-half of the 
thymol absorbed from the alimentary tract is excreted in the urine. 
That which is excreted, comes through fairly promptly; probably 
within the first few hours after its administration. 

Three mongrel dogs were used for the experiments. Dog A was a 
female bull-fox terrier of 234 pounds weight. Dog C was a cur, of 
approximately 20 pounds weight. This dog had been used previously 
for hookworm experiments and was several times infected with 
worms and treated with thymol and other hookworm remedies. 
Dog D was a male Scotch terrier of 184 pounds weight and had not 
been previously kept in a urine collecting cage. He therefore showed 
considerable restlessness at first accompanied by retention of urine, 
and it will be noted that this condition apparently affected the re- 
sults obtained in the first experiment made with him, October 8-12. 

Although previous work had shown that only inconsiderable 
amounts of thymol come through with the feces, several determina- 
tions were made in the present series of experiments upon samples of 
feces collected simultaneously with the urine samples. The results 
confirmed the previous conclusion as to the practical absence of 
thymol from the feces. 

Many experiments were made, to ascertain whether the method as 
devised was giving the total amount of thymol present in the sample. 
As already shown, more acid for the hydrolysis was not advantageous. 
It was also found that increase of the amount of distillate did not 
augment the yield. Blank determinations made with mixtures of 
normal urine and thymol showed that no appreciable loss due to 
reagents or manipulation was experienced. Blank distillations of 
normal urine did show however, as already mentioned, that small 
varying amounts of substances which react in the titration just as 
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thymol, were obtained. The corrections due to these were of course 
found to be roughly proportional to the volume of the sample of 
urine. It was therefore advisable, in making determinations upon 
urines containing thymol, to use as small an aliquot as would yield 
enough thymol for accurate titration. In this connection, however, 
it should be noted that, during the first acid distillation and some- 
times even in the second neutral distillation, a darkening occurred 
which probably indicated a destruction of some of the thymol. This 
would therefore constitute a compensating negative error, balancing 
to a certain extent the plus error, due to accompanying substances 
which react as thymol during the titration. Taking these points into 
consideration, and the fact that very great accuracy is not required, 
it did not appear expedient to attempt to determine correction fac- 
tors to apply to the results of the titrations. The uncorrected re- 
sults, as reported in the tables, are believed to show certainly the 
- maximum amounts of thymol which are excreted in the urine in com- 
bination with glycuronic acid. 

Among the several other points which were investigated during the 
development of the method, was the stability of the thymol glycuro- 
nate. A sample of urine, which was found by analysis to contain a 
rather large amount of thymol, was subjected to steam distillation 
without the addition of the acid required for hydrolysis. No thymol 
was found in the distillate. On adding the necessary amount of acid 
and again distilling, the same amount of thymol was found as in an 
original direct determination. A number of experiments upon sam- 
ples of urine containing thymol glycuronate, and kept in the labora- 
tory for rather long periods, showed that no appreciable reduction in 
the amount of thymol obtainable from them occurred. It was there- 
fore apparent that no necessity existed for the very prompt determi- 
nation of thymol in samples of urine. 

In the case of the experiments upon human patients, recorded in 
the accompanying table, the samples were collected by Acting Asst. 
Surg. William S. Keister at the Wilmington (N. C.) Hospital of the 
Public Health Service. Two patients, B. B. and T. C. B., boys, 13 
and 9 years old, respectively, were each treated for hookworms by 
being given the usual 5 grain capsule of thymol at 7, 8, and 9 a. m. 
The urine passed between 7 a. m. and 12 noon constituted the first 
sample, that between noon and 6 p. m. the second, and that passed 
between 6 p. m. and 6 a. m. the third. These were forwarded to the 
Hygienic Laboratory and the thymiol determinations made as de- 
scribed above for the samples of dog urine. 
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TaBLe ].—Showing the thymol content of urine from dogs and human patients. 


DOG URINE. 

Dose administered. Urine samples. 
5 Time Volume 

Thymol. ar : after of 
: thymol. | sample. 

Gram, Gram Hours. CLCE 
0-194 85 
0. 67 9. 37 194-22 95 
42-444 116 
23 33 65 
A310) eee gee 54-22 480 
22-29 83 
0-1 74 
PIO46E E42) eases 7-24 aa 
a. 109 
-18 75 
- 838 |..-------- 24-42 74 
2-19 81 
-803 |------+++- 253-44} 117 
2-19 ear 
RE CUA eee eee ae a 25-46 192 
46-70 88 
34-21 211 
8 aa 28-494 149 
493-52 50 
264-44 136 
$l 44-46 92 
51-69 292 
0- 140 
6-2 125 
1.317 |.-...----- 23-25 60 
323 | a8 
1.238| 14.24 { ae Pe 


Dog. Date. 

1914. 
(CSE eg) Spiny a ae ae PANGS OIRO GS eee Ke 8 
INSEE SS neds creer Aug. 31-Sept 1.... 
(Qt Ae ae eee See ee hae Septi9-W Vi... 
LN SOG ee ee ese Sept. Wo=Liiac- ss 526 
C25 ee Septs 21223 5.2 Ss. 
[SES RTE ern yee ae Senta 23-26)) 32... 
Oeineeat site Sscee hee Sept. 29-Oct 1..... 
ID peer OAS ct ee Oct S=10 35. saseee 
Dye es Foy dS tye Se Oct. 27=29  aseeens 
1D 5 poke ae sae eee Oct 29-3lec. cae 

Patient. Date. 

1914. 
{Bike 1333 8s ee = Oct. 13-W4e eck 3S. 
ANSE oI BS Nests ene tere fear GMOs octet me 


HUMAN URINE. 


Dose administered. 


Thymol.; Time. 


Urine samples. 


Time Volume 
after of 
thymol. | sample. 
Hours Cac. 
0-5 280 
5-11 85 
11-23 395 
0-5 175 
5-11 30 
11-23 490 


Per cent 
thymol 
recov- 
ered. 
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41 


38.5 


46 
41 


36 


ol 


29 


30 


SN Serr remarry Se ie” Sm csr” Sem nn Sn a ee” 
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Per cent 
thymol 
recov- 
ered. 
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The analytical results are recorded in Table I in the order in 


which the experiments were made. 


Two points were particularly 


in mind in selecting the dose of thymol to be given; first to ascertain 
the effect of varying amounts of thymol upon the percentage of 
it excreted in the urine, and, second, to ascertain what effect, if 
any, the simultaneous administration of an oil would have upon the 


excretion of the thymol. 


It is seen that, although the results agree in general with those 
of Tauber upon phenol, they show a higher percentage of recovery 
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from the smaller than from larger doses. Thus in the case of doses 
of 0.3 to 0.7 gram thymol, the amount recovered varied from 41 to 
46 per cent; while with doses of 1.2 to 1.8 grams, only 31 to 36 per 
cent was recovered. 

In regard to the effect of- the simultaneous administration of oil, 
the two experiments which were made show that very slight, if 
any, effect was produced. 

One other point, which was shown by the experiments, is that no 
significant difference in the ratio of recovered thymol is noted between 
initial and subsequent doses. Of the three dogs one, C, had been 
previously used for many experiments and had received large doses 
of thymol; one, A, had been given three doses of thymol in a pre- 
liminary experiment; and one, D, had not previously received 
thymol. In spite of this, with one exception which was probably 
due to another cause (Dog D, Oct. 8-12), the apparent fate of thymol 
in the three dogs is approximately the same. In regard to the two 
human patients, it is seen that both with a dose of thymol propor- 
tionally equivalent to the smallest given to the dogs, excreted ap- 
proximately the same percentage of thymol that the dogs excreted 
after a proportionally much larger dose. 

As to what becomes of the thymol that is not excreted in the 
urine as the glycuronate, nothing positive can be said at present. 
Surmises as to its fate are of little value; nevertheless, one point 
should be mentioned and that is, the possibility of its temporary » 
fixation by the tissues, or elimination by volatilization with the 
expired air. According to a review of the literature by ©. Neuberg,! 
the experiments of several investigators have failed ‘to show that 
the glycuronic pairing occurs in the liver. It is therefore probable 
that thymol is present in the blood stream passing through the lungs, 
in which event a certain amount would no doubt be lost by volatil- 
ization even in spite of the slight alkalinity of the blood. An effort, 
however, to detect thymol by its odor in the expired breath of a dog 
after giving a large dose was unsuccessful. 

In this connection, it is generally known that, in fatal cases of 
phenol poisoning, death eventually occurs from asphyxia. Autop- 
sies made by Langerhans? showed that marked bronchitis and lar- 
yngitis had been produced, not by direct aspiration of the phenol, 
but by indirect action after absorption from the intestinal tract. 
It has been observed in fatal thymol poisoning that marked con- 
gestion and even consolidation of the lungs has occurred (Cushny). 


ee et fe) te ee a ee ee 
1 Ergebn. d. Physiol. (3) 1, 447 (1904). 
2 Deutsche med, Wehnschr., 19, 269, 1256 (2893). 
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Although a method for the accurate determination of phenol 
in the urine has been developed! and many determinations made 
by various investigators upon normal and pathological urines of 
- both man and animals, a careful search of the literature has failed 
to show that any experiments other than the old ones referred to 
above have been made with the urine of animals to which known 
amounts of phenol have been administered. The observation 
of Tauber and Schaffer, that about one-half of the phenol can not 
be recovered from either the feces or urine, appears not to have 
attracted particular attention. 


SUMMARY. 


A method for the determination of thymol in urine has been devel- 
oped. Applying this method to samples of urine obtained from dogs 
to which thymol was given, it was found that 41 to 46 per cent was 
recovered when doses of 0.3 to 0.7 gram were given and 31 to 36 per 
cent when doses of 1.2 to 1.8 grams were given. The simultaneous 
administration of olive oil apparently caused very slight if any 
effect upon the percentage of excreted thymol. It is a question, 
therefore, whether oils really increase the amount of absorption of 
thymol or only the rate. Determinations upon the urines of two 
human patients who received the thymol treatment for hookworms 
gave results agreeing in general with those obtained upon samples 
of urine from dogs. These results, in connection with previous experi- 
ments upon the determination of thymol in feces, show that of the 
thymol administered, from one-half to two-thirds is apparently de- 
stroyed or temporarily fixed in the body. These observations are in 
accord with the work done by Tauber and Schaffer many years ago 
upon phenol. As yet no satisfactory explanation of this apparent 

disappearance of administered phenols has been found. 


1 Neuberg, C., Der Harn, 1911, 1. Teil, p. 476. 
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IV. THE STERILIZATION OF DENTAL INSTRUMENTS.! 


By H. E. Hasseitine, Passed Assistant Surgeon, United States Public Health Service. 


The possibility of the transmission of disease from one person to 
another through the medium of instruments and appliances used in 
dental operations has long been recognized. Reports of such occur- 
rences are frequently heard from the laity, but authentic reports in 
scientific publications are practically never published. Few men will 
deny that such cases do occur occasionally; their frequency, how- 
ever, is not determinable. 

Anyone familiar with asepsis has probably noticed errors in the 
surgical technique of a dentist while receiving dental treatment. 
Among these errors may be mentioned the placing of sterilized instru- 
ments on a swinging tray or glass plate which has not been sterilized, 
the cleaning of burrs on a scratch wheel which has not been sterilized 
since the burrs used on the previous patient have been cleaned 
thereon, and the frequent handling of the cable of the dental engine, 
which receives contamination from one patient through the operator’s 
hands and in turn returns a portion of this contamination to the 
operator’s hands when used on subsequent patients. These are some 
of the errors of technique seen personally, and are mentioned here to 
emphasize the necessity of having everything which comes in contact 
with the instruments or hands of the operator free from organisms 
obtained from previous patients in order to prevent transmission of 
infection from one patient to another. 

A sterile towel over the tray, a scratch wheel which can be removed 
and sterilized with the instruments, and a simple sterile linen cover- 
ing to put over the cord of the engine would make the operation 
many times more acceptable to the critic, provided, of course, a fresh 
towel and covering were used for each patient and the scratch wheel 
sterilized when each patient vacates the chair. 

For improvement of the technique of the future dentists we should 
look to the dental schools. They all have courses in bacteriology, 
which, however, in many schools are largely theoretical instead of 
practical. The morphology and cultural characteristics of various 
organisms are considered, but their resistance to disinfectants is 
passed over by noting what certain books say regarding this phase 


1 Manuscript submitted for publication Apr, 16, 1915, 
(93) 
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of the subject. Little actual laboratory work is done to show the 
relative value of the sterilizing agents applicable in dentistry and 
how their efficiency is tested. As a result the student forms the 
opinion that any sterilizing agent is effective, and does not learn to 
check his sterilization by bacteriological tests. For the coming den- 
tists the improvement should come through the schools. For those 
already in practice it must come through reading and exchange of 
ideas among the men of the dental and medical professions. 

Realizing the necessity of improvement, some members of the 
dental profession are striving to bring about better sanitary condi- 
tions in the offices of dentists at large; also among their patients, by 
teaching them oral hygiene. This work is most commendable, and 
to this end the officers of some dental societies have asked the Surgeon 
General of the Public Health Service to work out a detailed method 
for sterilizing dental instruments and appliances, keeping in mind 
the important factors, simplicity, efficiency, and duration of the 
process of sterilization. As a result of this request the writer was 
designated by the Director of the Hygienic Laboratory to consider 
the matter, make experiments, collect data, and make a report 
thereon. 

The progress of the work has been interrupted frequently by exi- 
gencies of the service and the report much delayed as a result. 


THE STERILIZATION OF DENTAL INSTRUMENTS. 


In considering this subject the writer has endeavored to keep 
within practical bounds rather than to pose as an idealist. 

In testing the efficiency of various methods of sterilization of dental] 
instruments, the consideration of spore-forming organisms has been 
disregarded. A high degree of heat for a prolonged period is required 
to kill the spores of spore-bearing pathogenic organisms. Fortu- 
nately, the number of such organisms is comparatively few. The 
vegetating forms of these organisms are killed as easily as are the 
nonspore bearers. The spore represents a defensive element of the 
organism against unfavorable influences; that is, though capable of 
becoming alive, it is apparently in a lifeless phase. Since it remains 
in the spore stage while in conditions unfavorable for its growth, the 
spore is easily moved from place to place by mechanical means, 
thereby increasing the chance of finding a more suitable environment. 

By reason of this fact mechanical means of removal of spores from 
instruments is relied upon. Mechanical cleansing of instruments by 
a brush or sponge, preferably in running water, will reduce the 
number of spores so that the number remaining will be too small to 
consider. For experimental data on the efficiency of mechanical 
cleansing in the removal of spores, the reader is referred to Francis (1). 
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Such organisms as the pus-producing cocci, the bacillus of typhoid 
fever, the bacillus of diphtheria, the bacillus of tuberculosis, the 
Treponema pallidum (syphilis), the bacillus of influenza, the amebe, 
and the thrush fungus, are known organisms that should be considered. 
To this list may be added the virus of diseases of unknown or uncer- 
tain origin, such as that of measles, scarlet fever, mumps, infantile 
paralysis, and smallpox, all of which seem to be caused by nonspore- 
bearing organisms. 

Of the nonspore-bearing organisms, the staphylococci are reported 
to be the most resistant to heat, our most efficient disinfecting agent. 
On this account various strains of staphylococci were used as the 
test organisms in the experiments made in connection with this 
investigation. 


TaBLe I.—Showing thermal death point of various organisms according to different 


authorities. 
Mth ae inf Staphylococcus 
y. nfluenza. ares Streptococcus. Pneumococcus. 
Moist, 58°, 10 min- 
Stermberg (2).54...=...-- 60°, 5 minutes. ..-- ee cues 54°, 10 minutes. ...| 52°, 10 minutes. 
Pye WOO Sos Sk 
62°, 10 minutes... . 
McFarland (3) SON SRS | ONISHI OCIS 80°? 14 minutes. at \ SAHOO CS EOC IOI ae 
Manieand Eeitemie(4)).. V5 eins ace one sacar SOS eo OMMEMUCES eel eree hear ins Sera 
Park and Williams (5).| 60°, 5 minutes. --.. 80°; 5 minutes... -- 54°, 10 minutes. ... 
Hiss and Zinsser (6)..-.| 60°, few minutes. . Te ar a at 54°, 10 minutes....| 52°, 10 minutes. 
MORAN (Ga cis. B= a's <3 Hiccoe ts plete ee, ese SOL SOMME OS ease lee Sa ajc vee orcas soteiare 
END DObiACS) bs eeemic tse ~ cline merase Seece cae 62°, 10 minutes. ...| 54°, 10 minutes....| 52°, 10 minutes. 
Rosenau (9) (10)......-- GOS wll OrnmimMUIbeS ees a) eye eros aera ieee 54°, 10 minutes....| 52°, 10 minutes. 
Authority. Meningococcus. Typhoid. Diphtheria. Tubercle bacillus. 
SteEmberen( 2) itrasccecars | (sehecs cee ste ge se 56°, 10 minutes....| 58°, 10 minutes--..| 70°, 10 minutes. 
Mielarlanmdy(3)P sas seas les sericl ee | assoc a ac.e% 60°, 10 minutes. ...| 58°, 10 minutes. .--.|} 60°, 20 minutes. 
Muir and Ritchie (4)...|......- soot der beo dere 60° 30 minutes... . 60°, 10 minutes. .--.| 70°, 1 hour. 
Park and Williams (5).} Readily......-.-- 2=| 60", J minute... .... 60°, 10 minutes. - -. 80", 1 minute. 
Hiss and Zinsser (6)..-- one 56°, 10 minutes. ...| 58°, 10 minutes... . a Ant ee 
ORO BIA CO hoe Seca BCOus Iis Ho SSeS oie i Nee en ee Eee oe eae Rea 55°, 45 minutes... . 60°, 20 minutes. 
Eo ag oe ee a 60°, 10 minutes. ...] 58°, 10 minutes. ... {89° p mnutes- 
; : 
Fvasemaun (ClO) ssones | vat ee ee SS 60°, 20 minutes....| Less than typhoid.| 60°, 20 minutes. 


Table I shows the thermal death point of various organisms, accord- 
ing to different authorities on bacteriology. It was found that the 
stock laboratory cultures of staphylococci were much less resistant 
than strains of the same organism obtained from human beings. For 
this purpose smears from cases of suspected diphtheria or from cases 
of tonsillitis were used, thereby getting organisms similar to those 
encountered in the mouth. Mixed cultures were used to simulate the 
conditions found in nature. In a few cases, Bacillus subtilis, a non- 
pathogenic spore-forming organism was encountered. 

The resistance of the staphylococci was also tested, when dried on 
instruments prior to sterilization and when not dried. The resistance 
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was always greater when the contaminated instruments were dry. 
Consequently the dried infectious material was used in most of the 
tests. 

The physical processes involved in sterilization have been me sub- 
ject of much research and discussion. It is not necessary to consider 
here to any extent the theories. They can be stated briefly as the 
coagulation and hydrolytic theories. The first strives to show that 
the cell substance of the organism is coagulated by the disinfecting | 
agent, just as the white of an egg is coagulated by heat when cooked. 
The second theory claims that the death of the organism is brought 
about by the introduction of water into the cell substance, the conse- 
quent hydrolysis being accelerated by the disinfecting agent. 

The process of sterilization has been described by Phelps (11) as 
an increase of the death rate of organisms. But in determining the 
result of this process there are three factors to be considered, viz: 
(a) The velocity of the death rate of the organisms; (b) the time 
through which (a) is allowed to proceed; (c) the number of organ- 
isms present. The product of these three factors gives the result. 
Sterilization is, therefore, a relative result from a mathematical view- 
point and is usually arbitrarily recorded as perfect when the number 
of bacteria in the volume tested is less than one. On this death rate 
of organisms, the number present, and the time allowed, depend the 
efficiency of a sterilizing agent. 

However, the exact mode of killing the organisms does not interest 
the practicing dentist and surgeon so much as does the assurance that 
all will be killed, in some manner, under certain conditions. ; 

The methods of sterilization employed at present in most dental 
offices may be classified as follows: 


Boiling in water. Carbolic acid, followed by al- 
Use of boiling water. cohol. 
Passing an instrument through Other coal-tar products, fol- 
Thermal; a free flame. lowed by alcohol. 
Moist heat in a closed or open | Chemical} Formaldehyde vapor in a tight 
chamber. chamber. 
Dry heat in a closed chamber. Other chemicals, such as gaso- 
line, solution of biniodide of 
mercury. 


The efficiency of most of these methods was tested, and the advan- 
tages and disadvantages of each considered. 


BOILING IN WATER. 


Results of ecperiments.—Most authorities state that nonspore- 
bearing organisms are killed by boiling for 10 minutes. A few have 
reported organisms of this class that have resisted boiling for 30 to 60 
minutes, but such are of too infrequent occurrence to require consid- 
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eration. Of the various strains of staphylococci in mixed culture, 
which [ have tested, I have found none that survived 3 minutes’ boil- 
ing. ‘This means exposure to water heated until noticeable ebullition 
takes place before the organisms are placed therein, the time being 
taken by the watch. Undried instruments were sterilized in 2 min- 
utes. Sterility tests were made by dropping the sterilized instru- 
ments into tubes of nutrient bouillon and incubating these for 48 
hours at 37°. Though my experiments show sterilization in a shorter 
time, a period of 10 minutes’ boiling is recommended, to provide an 
ample margin on the side of safety. A small amount of alkali, such 
as sodium carbonate, or sodium hydroxide, should be added to the 
water to prevent rusting of instruments. 

The advantages of this method are: (a) It is the most rapid and 
most efficient; (6) it is always available where fire and water can be 
obtained; (c) the procedure is simple and can be carried out by any 
one; (d) the expense of sterilization by this method is small. 

The disadvantages are: (a) Dulling of the sharp edge of cutting 
instruments, such as knives, lancets, etc.; (6) increase of effect of 
action of any chemical impurity in the water upon the instruments, 
a factor that will vary according to local conditions. 


USE OF BOILING WATER. 


Resulis of expervments.—If used immediately after the heat is 
cut off, and in quantity sufficient to guard against a rapid cooling, 
this method is nearly the equivalent of boiling, so far as practical 
results are concerned. The use of 1 gallon of water, boiled until the 
moment before the instruments are submerged in it, sterilizes as 
rapidly as does boiling, at least during the first five minutes of ex- 
posure. If care be taken to carry out this procedure fully, the 
method is efficient, the advantages and the disadvantages being the 
same as with boiling, save that the rapid cooling of the water will 
necessitate reheating to the boiling point to insure proper results. 

The use of water of too low temperature or for too short a period 
of time makes possible incomplete sterilization. As the temperature 
is lowered the period of exposure must be lengthened; but, as the 
loss of heat is uncertain, the required length of exposure will neces- 
sarily be uncertain. On account of the uncertainty of the tempera- 
ture of the water, except it be boiled immediately prior to use on 
each occasion, this method is not as good as boiling or the use of a 
known temperature at a degree lower than the boiling point. 


PASSING AN INSTRUMENT THROUGH A FREE FLAME. 


_ This method is effective, since, if properly carried out, it virtually 
amounts to incineration of the organisms. The degree of heat to 
which the instrument is subjected is much higher than the boiling 
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point, and on this account only a few instruments can be sterilized — 
by this method without interfering with cutting qualities, temper of 
steel, or plating of instruments. It is applicable to certain small 
instruments whose cost is not high, but is not available for general 
use. 


MOIST HEAT IN AN OPEN OR CLOSED CHAMBER. 


This is applied by the use of steam in an open chamber (Arnold) 
or in a tight chamber under pressure (autoclave). Its use for instru- 
ments is not very extensive, as the same results can be obtained by 
direct boiling and some time saved, since boiling a small amount of 
water requires much less time than heating up a large apparatus. It 
is of greatest value for sterilizing linens, gowns, towels, etc., and the 
steam under pressure is preferable, on account of its greater pene- 
tration. 


DRY HEAT IN A CLOSED CHAMBER. 


This method is not used for instruments, on account of the high 
temperature required and the long time required to carry it out. 
It can be used for glassware or for sterilizing linen, if the temperature 
be not too high. 


USE OF CARBOLIC ACID FOLLOWED BY ALCOHOL. 


This method consists of submersion of the instruments in phenol 
of varying strength. The solubility of phenol in water is about 1 
part in 20, giving a5 percent solution. This solution is more effective 
than the pure phenol. After submitting the instruments to this 
treatment they are immersed in alcohol, to remove the excess of 
phenol, and may then be rinsed in water, or used without rinsing. 

Results of experiments.—With many strains, 10 minutes’ exposure 
to 5 per cent phenol, followed by one minute in alcohol, sufficed to 
sterilize. Some strains of staphylococci, however, were more resistant 
and uniformly gave growth after 15 minutes; in a portion of the tubes 
even after 30 and 45 minutes’ exposure. No strain used survived one 
hour in 5 per cent phenol. The same resistant strain was uniformly 
killed by boiling for three minutes. It was also killed by three 
minutes’ exposure in an 80° water bath. 

Its advantages are: (a) The cost is moderate; (b) it can be applied 
to practically every instrument and appliance without damage re- 
sulting therefrom. 

Among its disadvantages are: (a) It requires a longer period of 
time to sterilize; (b) it requires more care in the application of the 
method (care must be taken to see that all surfaces of instruments 
are exposed to the solution); (c) instruments must be removed from 
phenol by forceps, as the solution has a bad effect on the skin if the 
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hands are used in it frequently; (d) it requires a much better trained 
assistant, or the attention of the dentist himself, to use this method 
properly; (e) the odor of phenol is, to some, objectionable. 

The use of other coal-tar products resembles that. of phenol in 
application and efficiency. The advantages and disadvantages men- 
tioned under phenol apply also to these products, except as follows: 
(a) Some have a higher coefficient than phenol; that is, they are more 
germicidal than phenol; (b) some have a soapy composition, giving 
them the cleansing property of soap when mixed with water; (c) their 
cost, however, is in most cases considerably greater. 


FORMALDEHYDE GAS IN AN AIR-TIGHT CHAMBER, 


This method has, of late years, been very popular among dentists 
and is efficient, provided a sufficient length of time is allowed for 
action. 

Results of experiments.—Exposure of contaminated instruments to 
formaldehyde vapor in an air-tight glass jar for periods varying 
from 10 minutes to 1 hour gave growth more or less constantly.. 
Some strains of staphylococci were always killed by 30 minutes’ 
exposure; the more resistant strains survived for 60 minutes. An 
exposure of one and one-half to two hours killed the most resistant 
strain used. These results were obtained with an excess of formalin 
in a small glass jar closed by ground-glass joints sealed with vaselin, 
so the air was filled to saturation with the formaldehyde vapor. 

The advantage of this method lis solely in its simplicity and ease 
of application. 7 

Its disadvantages are: (a) The time required to sterilize is too long 
for a busy dentist; (b) formaldehyde causes quite a marked rusting 
of unplated steel instruments; (c) inefficiency is likely to result 
from the lessening of the density of formaldehyde vapor, unless 
special care be taken to replenish the supply of formalin solution at 
frequent intervals; (d) inability to remove a single instrument from 
the air-tight chamber without interfering decidedly with the process 
of sterilization, because of the lessening of the density of the formal- 
dehyde vapor in the chamber; (e) the disagreeable odor and irritat- 
ing effect on mucous membranes will be experienced more or less by 
both operator and patient. 


OTHER CHEMICAL METHODS. 


Disks containing mercuric iodide with some alkaline salt are 
theoretically practicable. The alkalinity is supposed to guard against 
the corrosive action of the mercury on the metal instruments. How- 
ever, this brings a rather delicately balanced chemical reaction into 
use, and unless the application of the method be carried out by the 
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dentist himself, or an assistant who has some knowledge of chem- 
istry, bad results may be obtained. For instance, the chemical 
impurities of the water used may vary from day to day, and thus 
disturb the proper degree of alkalinity. No experiments were made 
with these disks, as it is not conceivable that their use is an improve- 
ment on some of the simpler and less technical methods. 

The action of various chemical substances, such as gasoline, 
petroleum-ether, etc., was tried by the writer. Their efficiency is 
doubtful and uncertain. No sterilization was obtained except on 
prolonged exposure (24 hours or more). 

In addition to these methods the writer tried the application of 
moist heat at a constant degree, lower than the boiling point; 80° 
was the temperature used. This was tried in order to get a method 
that would interfere less with the edge of cutting instruments than 
does boiling; also, a method that could be applied to certain instru- 
ments that could not be boiled without marked deleterious effect on 
them, such as dental mirrors. 

A jacketed water bath, designed by Mr. W. F. Wells, which was 
equipped with an apparatus for maintaining a constant level of water 
in the jacket, was used for this purpose. The inner chamber con- 
tains a thermoregulator set at 80°. In this bath the contaminated 
instruments were placed for varying periods. 

To alkalinize the water, 0.25 per cent sodium hydroxide was added. 
When once raised to 80°, the amount of gas or electric current re- 
quired to maintain a bath containing 1 to 2 gallons is very small, 
indeed. In fact, it can be maintained at that temperature for the 
whole 24 hours cheaper than it can be extinguished and reheated 
each day. 

The use of this degree of heat had no deleterious effect on metal 
instruments or dental mirrors after prolonged and repeated exposure. 
Sterilization was always obtained in three minutes, even with the 
most resistant strains of staphylococci used. It is thus seen that 
this is practically as effective as boiling, but the temperature is 20° 
lower. It is simple to operate when once installed and is very 
efficient and rapid. 

As stated above, no bad effects were noted on dental mirrors or 
instruments. However, there was a bad effect on instruments with 
wooden or hard-rubber handles. In the present era, however, no 
instrument that is not entirely of metal has any place in the arma- 
mentarium of surgeons or dentists. There are a few exceptions to 
this rule, where flexibility or elasticity is a factor in the use of the 
instrument. 

From the above experiments and considerations the methods 
depending upon moist heat were found to be by far the most rapid 
and efficient. 
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In order of merit the writer places the methods depending upon 


heat as the active disinfecting agent as follows: 


1. Boiling for at least 10 minutes in 0.25 per cent sodium hydroxide. 
2. Use of water bath at 80° for at least 10 minutes. 


| 
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WATER BATH USED FOR STERILIZING INSTRUMENTS AT GO. 
a= Gas suprty. & = THERMO REGULATOR. C= CONSTANT 
WATER-LEVEL REGULATOR. Ql= WarER SUPPLY. € = OVER-FLOW PIPE. 
f = JACKET CHAMBER. Gr OITERILIZING CHAMBER, 


WS. PUBLIC HEALTH SERVICE 
HrGleENnic LABORATORY 


8. Use of moist heat in free chamber (Arnold sterilizer) for at least 10 minutes after 


thermometer reaches 100°. 
4, Submersion in boiling water for at least 10 minutes, the source of heat being 
removed immediately prior to submersion of the instrument. 

5. Application of dry heat by passing instrument through a free flame. 

6. Dry heat in closed chamber. 
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The arrangement of the chemical methods in order of merit is much 
more difficult; in none are simplicity, efficiency, and rapidity com- 
bined as in some of the methods dependent on heat. 

Using formaldehyde, the simplicity is ideal; but the length of 
exposure necessary to gain efficiency makes it undesirable. With 
phenol and other coal-tar products efficiency is good but simplicity 
and rapidity are partially sacrificed. With mercuric iodide, the same 
factors that militate against phenol, plus a possible deleterious action 
on the instruments, are applicable. 

It is the opinion of the writer, therefore, that in selecting a method 
for adoption in dental offices the use of moist heat is essential. Some 
will offer the objection that a dentist has many instruments which will 
not stand such procedure. I will admit that there are, perhaps, a 
few instruments which can not be boiled without an injurious effect 
on them; but after eliminating hard rubber and wood handled instru- 
ments, which have no place in any instrument case of the present age, 
this list becomes very small. 

I shall now consider the method of choice as applied to different 
instruments. 

The instruments in the following list can all be boiled without 
marked bad effects unless the water used has some special chemical 
impurity which attacks the metal. Such conditions will have to be 
determined for each water supply and the proper remedy sought 
through scientific channels.. 


Broaches and their holders. Mouth gags. 
Burnishers. Mouthpiece of gas apparatus. 
Burrs. Mouthpiece of saliva ejector. 
Chisels. Pluggers. 
Cone-socket instruments with metal han- Polishing points. 
dles.: Pyorrhoea instruments. 
Drills. Root elevators. 
Excavators. Rubber-dam clamps, and forceps for the 
Explorers. same. 
Files. Rubber-dam holder (metal parts) and 
Forceps, extracting. ‘weights. 
Forceps, foil. Saws. 
Forceps, tongue-holding. Scissors. 
Impression trays. Scalers. 
Knives and lancets. Spatulas, metal. 
Mallets, automatic and hand. Syringes, water. 
Mixing slabs. - Syringes, hypodermic. 


The latter should be of glass or metal without washers; they can 
then be boiled repeatedly without impairing their efficiency in any 
way. An inferior hypodermic syringe is always unsatisfactory, 
whether it be sterilized or not. 
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To the above list I will add the following as instruments that will 
stand boiling: 
Chip blower. 
Masks for giving nitrous oxide gas. 


Wire scratch wheel for head of dental en- 
gine. 


Engine hand pieces. 


The wire scratch wheel on the head of the dental engine should be 
made entirely of metal and detachable, so that it can be easily removed 
and boiled. Probably a cheap bristle wheel might be made that 
could be discarded after each patient is treated. 

Probably many will challenge the statement that engine hand pieces 
can be boiled. This statement is made only after having procured 
aright-angled hand piece, boiled the same, and tested its sterility, then 
contaminated it with a fluid culture of bacteria, and again boiled it 
and tested its sterility. After completing the experiments with it for 
the day it was placed in 95 per cent alcohol to remove the excess of 
water, and in several instances left in this fluid overnight. It has 
been boiled repeatedly and frequently exposed to 80° in a water bath, 
yet it has shown no bad effects as a result of such treatment, except 
the removal of the lubricant from the mechanism. It can be oiled 
in a few seconds and its mechanism will run as smoothly as before. 
These hand pieces could be made with oil holes at the proper points 
so that the oiling would be much facilitated. 

This instrument is one which dentists have usually considered non- 
sterilizable, consequently it has received very little efficient steril- 
ization. Marshall (12) states that hand pieces can be sterilized by 
immersing them in gasoline and then in alcohol; but my experiments 
with sterilization by anhydrous liquids have given disappointing 
results, even with instruments of simple construction. Furthermore 
the effect of gasoline and alcohol on the lubricant will be practically 
as complete a removal of the oil as when boiled, so that oiling of 
the piece would be necessary after each sterilization. 

In sterilizing hand pieces, heat will reach infection in parts of the 
instrument where cold solutions can not be effective, on account of 
the oil present, and where gas does not penetrate. With heat, the 
metal itself is raised to the temperature of the surroundmg medium, 
so that the organisms are attacked from all sides; while with solu- 
tions or gases more or less of their surface is protected. 

In seeking a method of sterilization for hand pieces, several methods 
were tried, designed to obtain sterilization without the introduction 
of water into the instrument. As stated above, the gasoline method 
did not sterilize rapidly and completely. Immersing in a fixed oil, 
liquid vaseline, was then tried, placing this in a steam chamber and 
raising the temperature to 100° for one hour, This proved inefficient, 
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because the heat is only the equivalent of 100° of dry heat, the m- 
strument being in an anhydrous fluid. As a last resort I turned to 
moist heat by the method of boiling, or an 80° water bath, im 0.25 
per cent sodium hydroxide and then removed the excess of water by 
absorbing it with alcohol. This gave the desired result. 

All of the above mentioned instruments may be submitted to g0° 
in a water bath without any injurious effect on the instruments. 
Mouth mirrors may also be sterilized by this method without injurmg 
them. This was determined by obtaining several new murors, con- 
taminating them, and then placing them in 0.25 per cent sodium 
hydroxide solution at 80°. Sterilization was accomplished in 3 min- 
tes, though the mirrors were frequently left in the bath for a much 
longer period, 10 to 60 minutes. The test of the effects of this treat- 
ment was made by handing thesterilized mirrors, together with a new 
mirror of the same lot that had not been sterilized, to other persons 
and asking them to pick out the one that had not been sterilized, 
Everyone acknowledged his inability to determine any difference. 

Boiling, or heating to 80°, the rubber bulbs of chip blowers, and 
the face piece of the gas inhaler, will shorten the life of these 
articles. It is believed, however, that the increased expense due to 
these rubber fittings will not be great enough to work any hardship 
on the dentist. It certainly will not be as great as the cost of rubber 
gloves used by the average surgeon; and at present nearly every sur- 
geon uses rubber gloves and insists on their sterilization by boiling. 
The dental surgeon should not be content with a lower grade of work, 
nor deterred by the small sum necessary to replace articles which have 
been worn out a little sooner by reason of improved methods in his 
practice. 

The instruments considered above, which can be sterilized by 
boiling, include the greater portion of those used by the dentist; 
except those whose cost is so slight, or whose usefulness so impaired 
after using once, that they can be thrown away. 

This list includes: 

Polishing points and disks. 

Rubber dam. 

Nerve broaches (these may be sterilized by heat if desired). 

Bristle brushes. 

Mounted stones must be treated according to their construction 
and composition. Carborundum disks, wheels, and stones, which 
are bonded with porcelain, can be boiled without injury. Those 
made with rubber as the adhesive base can not be heated. Their 
sterilization can be accomplished by use of a phenol solution fol- 
lowed by alcohol. Corundum stones can not be boiled, so the phenol 
solution should also be used on these. Stones mounted on a man- 
drel by a cement or shellac can not be subjected to heat, while those 


69 


mounted by metal devices can be boiled, provided their composition 
allows such treatment. Inasmuch as many of the stones and disks 
must be sterilized without heat, it is permissible to sterilize all stones 
by immersing in 5 per cent phenol solution for one hour, to be fol- 
lowed by immersion in alcohol to remove the excess of phenol solution. 

Tortoise shell, and imstruments of similar composition, which 
might be injured by heat, should be immersed in phenol solution, as 
are mounted stones. Mouth mirrors may also be sterilized in this 
manner, if not subjected to 80°. 

The life of a mouth mirror, however, depends entirely on the effi- 
ciency of its construction in keeping fluids of any kind from the 
amalgam surface of the glass. As long as this can be kept dry the 
mirror is clear. When it becomes wet by any fluid, either water or 
saliva, it becomes cloudy, consequently a well-constructed mirror is 
the cheapest in the end. 

This method may also be applied to instruments whose composi- 
tion must be other than metal, on account of the discoloring effect 
of metal on cement, or for other good reason. 

However, barring the few instruments whose chemical composi- 
tion is such that a serious change in character would result from 
heating, all instruments should be sterilized by heat, and no instru- 
ment made of material that is destroyed by heat should be allowed 
in the instrument case, if the same instrument can be made of ther- 
mostabile matter. 

I have seen some dental instruments with rubber handles which 
have been boiled repeatedly, with no bad effect except discoloration 
of the rubber. These, however, had a central metal shaft supporting 
the rubber, to prevent bending when heated. While this construc- 
tion permits the boiling of rubber-handied instruments, it can not 
be said that rubber handles are as acceptable from an aseptic view- 
point as are all-metal instruments. Of course, instruments whose 
cost is so shght that they are used once and then discarded do not 
require sterilization to prevent transfer of infection from patient to 
patient. 


OTHER SANITARY MEASURES. 


The following suggestions relating to dental asepsis, while not 
strictly within the subject of sterilization of instruments, are given 
as contributory factors in improved office sanitation. 

Cuspidors are a necessity in a dental office, and the problem of 
keeping them in sanitary condition 1s a difficult one. The installation 
of the fountain cuspidor has been a great improvement over the old 
metal or earthen bowls which were so hard to keep clean. To those 
dentists who still have the old type of cuspidor, on account of lack 
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of running water or for other reason, I would recommend at least 
daily cleaning, with a broom or stiff brush and water. This is to be 
followed by placing the cuspidor in a bucket, covering it with boiling 
water, and leaving it there for at least one hour. It would be well 
to have several of these, so that a clean one can be put in use for each 
patient while the others are being cleaned by assistants or char- 
women. In offices having the single-bowl fountain cuspidor, with 
bowl that can not be removed, flushing with hot water and antiseptic 
solutions is our main effort in sterilization. AJl fountain cuspidors 
should be fitted with both hot and cold water, so that the hot water 
can be used for cleaning the bowis after each patient is dismissed. 
Those having bowls that can be removed can have the bowls im- 
mersed in antiseptic solutions, or may even be boiled in a large con- 
tamer. However, absolute sterility of cuspidors is not of vital impor- 
tance, provided a high degree of cleanliness is maintained. It is well, 
however, to have these articles of equipment installed so that com- 
plete sterilization can be carried out in case an unusual infection, 
such as diphtheria, is encountered. 

The possibility of the operator transferring infection to the cable of 
the dental engine above the hand piece, and then later from the cable 
to another patient, has been mentioned. If the cables have the power- 
transmitting mechanism inside a covering, this can be avoided by a 
simple sterile or clean cotton sleeve, with a draw string in each end, 
which can be slipped over the cable and tied after the hand piece is 
in place, so that the whole cable is covered down to the sterile hand 
piece. This allows the operator to handle the cable at will during his 
operation, and, when a second patient is treated, a second clean 
sleeve is put on in place of the first one. It is also probable that a 
flexible metal covering, of tubing such as is used for conducting gas 
to lamps, might be constructed so that this could be removed and ~ 
stertlized by heat. This is not applicable to engines which transmit 
the power from engine head to hand piece by open cord belt. 

The use of foot levers for turning on the flow of hot and cold water 
in the washbowl is a great convenience to a busy operator who desires 
to keep his hands sterile. The use of a clean washable covering for 
the operating chair is a step in the direction of asepsis and cleanli- 
ness. The headrest should have a clean linen cover, renewed for each 
patient. 

There should be toilet facilities for patients and, in addition to the 
usual lavatory equipment, a dental bowl, like that seen on Pullman 
cars, so that a patient may brush his teeth without doing so over the 
washbowl. 

To place the patient’s mouth in as clean condition as possible, 
each patient should brush his teeth, preferably immediately prior to 
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coming to the chair. This should be followed by a thorough rinsing 
of the mouth with some good mouth wash. This procedure is a 
mechanical cleansing, aimed primarily at the removal of spores from 
the field of operation, though many other organisms are removed at 
the same time. 

In order to do this the dentist should have a supply of tooth- 
brushes on hand and, if necessary, supply a new brush to each 
patient. This may be the patient’s first encounter with the oral 
hygiene educational movement, but I believe it will be productive of 
good. I believe that the dentist should add the cost of the brush to 
the patient’s bill, unless brushes can be obtained at so low a figure 
as to make their free distribution practicable. A supply of mouth 
wash should be on hand in a convenient place for use by patients. 

Paper drinking cups and paper, or small individual, towels for 
patients should be furnished. The common drinking cup and towel 
are abolished on all interstate carriers, and in hotels and public places 
in many States. It is, therefore, fitting that the members of the 
medical and dental profession should apply the spirit of these laws 
to their own establishments, even though the letter of the law does 
not require it. 

Clean linen direct from the laundry is not sterile, but offers only 
the remotest chance for transmission of infection through it. Sterile 
linen is desirable and for a busy dentist, apparatus for its steriliza- 
tion will be a great addition to office equipment. Steam pressure 
sterilizers are preferable for this, though other types may be used. 


SUMMARY. 


As a result of the experiments and investigations detailed above 
the writer reaches the following conclusions and recommends the 
following methods for sterilization of dental instruments: 


CONCLUSIONS. 


1. Moist heat is our best disinfecting agent for the sterilization of 
all metal instruments. 

2. For the destruction of nonspore-bearing bacteria, moist heat 
at 80° is nearly as efficient as boiling, and for practical purposes can 
be used in place of boiling. 

3. Instruments constructed of metal, whose complicated mechan- 
ism has heretofore caused them to be considered as nonsterilizable, 
can be sterilized by moist heat, provided the water is removed from 
them by immersing in alcohol subsequent to sterilization. 

4. Instruments, whose construction does not permit of boiling, can 
be sterilized by chemical disinfectants. 
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5. There is need for more practical instruction in dental schools 
and clinics in the methods of sterilization, and the subsequent test- 
ing of the same by bacteriological methods. 

6. Dentistry, which is a highly specialized branch of surgery, 
should use the two factors, asepsis and anesthesia, which have made 
possible the wonders of modern surgery, with skill and precision equal 


to that of surgeons. 


RECOMMENDATIONS. 


_ 1. That all instruments and appliances be rendered mechanically 
clean by washing in water with a brush or sponge. 

2. That the following instruments and appliances be boiled or 

submitted to 80° in a slightly alkaline solution (0.25 per cent sodium 


hydroxide) : 


Artificial teeth used in matching and | Pliers. 


measuring. 
Broaches and their holders. 
Burnishers. 
Burrs. 
Chip blowers. 
Chisels. 
Drills. 
Excavators. 
Explorers. 
Files. 
Forceps, extracting. 
Forceps, foil. 
Hand pieces for engine. 
Impression trays. 
Knives and lancets. 


Mallets, hand and automatic. 


Mixing slabs. 
Mouth gags. 
Mouthpiece of saliva ejector. 


Pluggers. 

Pyorrhcea instruments. 

Polishing points and brushes (if not dis- 
carded after using once), 

Reamers. 

Root elevators. 

Rubber dam clamps and forceps for same. 

Rubber dam weights and metal parts of 
holder. 

Saws. 

Scalers. 

Scissors. 

Scratch wheel on head of engine. 

Spatulas, metal. 

Syringes, hypodermic. 

Syringes, water. 

Tongue-holding forceps. 

Mirrors (if 80° bath be used, but not to 
be boiled). 


3. That instruments in the above list whose mechanical construc- 
tion makes it difficult to remove the excess of water are to be placed 
in 95 per cent alcohol for 10 minutes to remove water, then removed 


and allowed to dry. 


4. That only instruments with metal handles be used by dentists 


desiring to follow this method. 


5. That the following instruments be sterilized by immersion in 5 
per cent solution of phenol for at least 60 minutes: 


Mounted stones. 
Tortoise-shell instruments. 


Mirrors (when 80° bath is not used). 


Other instruments not of metallic nature and which can not be replaced by metallic 


instruments. 
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6. That instruments, after using, be placed in a fluid medium, 
preferably clean water, to avoid drying of infectious material and to 
facilitate their mechanical cleansing. 

7. That no instrument or appliance, used on a patient directly or 
indirectly, be used on any other patient until recommendations 1 
and 2, or 1 and 5, as the case may be, have been complied with. 
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V.—A MODIFICATION OF ROSE’S METHOD FOR THE 
ESTIMATION OF PEPSIN.! 


By Maurice H. Givens, Assistant Biochemist, United States Public Health Service. 


In spite of all the work that has been done to isolate pepsin in a 
pure condition the results have been negative; for this reason it is as 
yet impossible to offer a method for its quantitative determination. 
As a matter of fact, while a number of so-called quantitative methods 
have been devised, the results obtained are only of value from a com- 
parative standpoint. Such comparisons, however, are of decided 
importance and any means which will further their approach to a 
standard basis are worthy of consideration. It is with this view that 
a modification of Rose’s method is here offered. 

It is not necessary to review all of the many methods proposed 
for the estimation of pepsin. Suffice it to say that those of Mett (1), 
Jacoby-Solms (2), and Rose (3) are most used. Each has certain 
advantages at once apparent to a worker, but the rapidity and ease 
of the latter method, with the modification here offered, would 
seem to warrant its use. The Mett method has been in use so long 
that it is not necessary to describe the procedure. That of Jacoby 
depends on the digestion of a 0.5 per cent solution of ricin in 5 per 
cent sodium chloride, at 37° C. for three hours, with varying amounts 
of a +4, diluted gastric juice. Rose’s method demands the digestion 
of a 0.25 per cent solution of pea globulin in 10 per cent sodium 
chloride, at 37° C. for one hour or at 50° to 52° C. for 15 minutes, 
with varying amounts of a previously neutralized gastric juice 
usually diluted five times. 

Against the use of both the Mett and the Jacoby methods can be 
offered at once the consumption of time, not to mention other factors. 
It is not always possible to get ricin and this led us to use the Rose 
method. It does not seem justifiable, however, to neutralize the 
gastric contents as Rose does. He lays much stress upon this point 
and says the failure to neutralize is a serious objection to the Jacoby 
method. He thinks the final acidity in each tube should be the same. 
In so neutralizing the method is rendered unreliable. Evidence is 
offered in the present paper sustaining this proposition and a correc- 

tion is made. 


1 Manuscript submitted for publication Apr. 19, 1915. 
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Rose’s complete method follows: 


0.25 gram globulin of the pea prepared as described * * * ig dissolved in 100 
c. c. of 10 per cent sodium chloride (by warming slightly if necessary) and filtered. 
Portions of the clear filtrate of 1 c. c. each are introduced into a series of 1] small test 
tubes about 1 cm. in diameter. To each tube is added 1 ¢. c. of 0.6 per cent hydro- 
chloric acid, and about five minutes are allowed for the development of the turbidity. 
A measured volume of the stomach contents is then exactly neutralized to litmus paper 
with dilute alkali. Ifa precipitate of acid protein forms, this is filtered off, and the 
clear neutral solution is diluted a known number of times (usually five) with dis- 
tilled water, allowance being made for the dilution of neutralization. A portion of 
the diluted juice is boiled, and amounts decreasing by 0.1 c. c. added to the tubes of 
turbid protein; to the first, 1.0 c. c.; to the second, 0.9 c. c.; to the third, 0.8 c. c.; and 
so on to the eleventh, to which none is added. The unboiled juice is then rapidly 
added in increasing amounts, as follows: To the first, none; to the second, 0.1 ¢. c.; to 
the third, 0.2 c. c.; to the fourth, 0.3 c. ¢.; to the fifth, 0.4 c. c.; to the sixth, 0.5 ¢. c.; 
to the seventh, 0.6 c. c.; to the eighth, 0.7 c. c.; to the ninth, 0.8 c. c.; to the tenth; 
0.9 c. c.; and to the eleventh, 1.0 c.c. Each of the tubes thus has a total volume of 
3.0 c. c.; and a total acidity of 0.2 per cent of hydrochloric acid. * * * 

The measurements of the solutions may be easily and accurately made with a pipette 
of 1 c. c. capacity, graduated to 0.01 c. c. The tubes are well shaken and allowed to 
stand in a thermostat or water bath for 15 minutes at a temperature of 50° to 52° C. 
Exactly the same endpoint is obtained by keeping the tubes at a temperature of 
35° to 36° C. for one hour. At the end of the digestion time that tube in the series is 
selected which contains the least amount of gastric juice and which exhibits no 
turbidity. The peptic activity is calculated on the basis of the amount of gastric juice 
in this tube. The enzyme content is expressed by the number of cubic centimeters 
of the 0.25 per cent globulin that would be digested by 1c. c. of the undiluted gastric 
juice under examination, if the activity were exerted for a period of one hour at 35° 
to 36° C., or for 15 minutes at 50° to 52° CG. For example, if 0.5 c. c. of a gastric juice 
diluted five times clears up 1 cubic centimeter of the 0.25 per cent globulin solution 
in 15 minutes at the given temperature, the activity of the solution would be expressed: 


Peptic activity=(1+-0.5) X5=10. 
_ For clinical purposes it suffices to use the scale of pepsin units here proposed, which 
gives figures about one tenth of those expressed on the Jacoby-Solms scale. 


Rose further states: 


In the above method the conditions are constant in every trial, in respect to acidity, 
volume, protein content, and temperature. 

This statement is true enough, but in attaining this point it is 
necessary first to neutralize, and in so doing a grave error is made. 
The effect upon pepsin of alkalis, even in dilution, is a question about 
which there is no dissention. Even very dilute alkalis will inhibit, 
if not destory, the action of pepsin. The following experiment brings 
out the point: A 0.1 per cent solution of scale pepsin was made con- 
taining 77.0 c.¢. N/14 hydrochloric acid. 1 c¢. ¢. of this solution was 
exactly neutralized with 0.77 c. c. N/14 sodium hydroxide and diluted 
to 10. Another 1 c. ¢. portion, without neutralization, was diluted 
to 10. Both were now subjected to digestion at 50° to 52° C. for 
15 minutes, as follows: 
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Pepsin solution. 


Neutralized tubes.1 Unneutralized tubes.2 


0.25 per cent pea globulim............... 1 1 1 1 1 1 1 1 1 1 
Comp on CoMtvELC len. asks oon can Met oe 1 1 1 it 1 1 1 1 1 1 
Wistilted water<.2e0..... <les.- 28h. Dee es CEOS OTS OSE OS) SOLO Osa C8 yee Osta th 0 0.0 
10 daluted: pepsi’ us. ols. 5p 25 S73 OS OFS F055. — 078. P08) (Oak i 053 | 0.54). 08 1.0 


1 No perceptible digestion in any. 
2 Complete digestion in 3, 4,and 5. Pepsin=(1+0.5)x10=20. 
Controls: Boiled pepsin+globulin+acid=negative. Water+globulin+acid=negative. 

In the above case it is evident that the greatest part of the pepsin 
has been destroyed or inhibited. All of the pepsin has not necessarily 
been destroyed but evidently enough to prevent digestion within the 
limit of time and temperature. If more pepsin and less acid were 
present, then after neutralization one would expect to find some 
pepsin. It seems that an enzyme is not destroyed immediately, in the 
way an acid solution can be neutralized. In neutralization of weak 
acid solutions with alkali as dilute as N/14 sodium hydroxide, there is 
no question but that, for the moment, there is an alkaline reaction at 
the point of contact with the alkali. Since this is true, if we partially 
neutralize a weak acid solution containing pepsin, there ought to be 
a reduction of pepsin. About the effect of alkalis on pepsin there can 
be no question; hence the above assumption is supported by the fol- 
lowing experiment: Gastric contents were removed from two normal 
individuals, after an Ewald test meal, and these determinations made: 


FaeaD Neutral- 

Total Free Rose | Proposed) Jacoby | 1, pe ae ized one- 

acidity. | acidity. | exact. | method. | exact. ized half, then 
; Rose. 


Reaeeas 55 42 Trace. » , 4 100 Trace. 16 
Mi oes 60 45 Trace. 41 100 Trace. 16 


Goodman (4), working with the Jacoby method, concluded from 
a limited number of cases that a uniform acidity was not necessary. 
Rose takes exception to this and demands for his method a final uni- 
form acidity. He states— 

It will be seen that the enzyme content is expressed by much larger numbers when 
the total acidity is 0.05 per cent of hydrochloric acid than whenitis0.2 percent. This 


is not due to the greater activity of the pepsin under such conditions, but to the de- 
creased turbidity of the globulin solution, resulting from the decreased acidity. 


In part I can agree with him, but I do not see that this justifies the 
neutralization of the stomach contents under examination. His 
statement is true if the final acidity is low, but if 1 ¢. c. of 0.6 per cent 
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hydrochloric acid be added, then the additional acidity, present by 
virtue of that contained in the gastric contents, can have no influence 
on the turbidity, and hence is not misleading as to enzymolysis. The 
following typical experiment illustrates the point: 


Tubes. 


alin, 3 4 5 6 q 8 9 10 11 12 13 


1c. c, of per cent HCl....| 0.6/0.3 |0.15 |0.075 |0.0375|0. 0187/0. 0093|0. 0046/0. 0023/0. 0012/0. 0006/0. 0003} H.O 
1c. c. 0f 0.25 per cent pea 
elobullineess= seen ee HMI ih 1 1 1 1 1 1 1 1 1 i 


Final totalacidity, | 
Der €ent..o. 2 4 0.3/0. 15 0. 075|0. 0375/0. 0187/0. 0093 0. 0046/0. 0023/0. 0012/0. 000610.0003'0.0001) 0.0 


These tubes were allowed to stand 15 minutes, and at the end of 

that time tubes 1, 2, 3, 4, and 5 showed the same maximum turbidity, 
so far as perceptible to the naked eye. Tubes 6, 7, and 8 showed no 
maximum and progressively less turbidity. Tubes 9 to 13 were all 
clear, not even showing an opalescence. The same result was ob- 
tained at the end of an hour. To another series, with the above 
result at the end of 15 minutes, was added 1 ¢. c. of 0.6 per cent 
hydrochloric acid; after 10 minutes, all the tubes showed a maximum 
turbidity, with no perceptible afferents between them. That is to 
say, if the final total acidity is only 0.2 per cent, or increased to even 
0.4 per cent, there is no apparent difference in the turbidity of the 
tubes. This certainly shows, from the standpoint of turbidity, that 
it is unnecessary first to neutralize the gastric contents. Even were 
the total acidity of a gastric juice under examination 100 to 120, the 
final total acidity of the tube containing the greatest amount of 
diluted gastric juice would never reach 0.4 per cent. 
_ In a series of 24 observations (Table I) on normal and pellagrous 
individuals, there are only two instances in which a value has been 
obtained by following exactly Rose’s method. Strict attention has 
been paid to neutralization. Titrations have first been made with 
alizarin red and phenolphthalein. The first tinge of brown with 
alizarin red reacted neutral to litmus. In other instances the con- 
tents have been titrated to the first perceptible tinge of pink with 
phenolphthalein, and then, for the Rose method, another sample 
was made neutral to litmus by stopping short of this point. In no 
case has the reaction been alkaline. 
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TABLE I. 
Pepsin number. 
Free 
Case. fore acidity. Remarks. 
y- Proposed Rose 
method. method. 
1 91 70 50 Trace Normal 
2 60 45 4] Trace Do 
3 44 21 31 Trace Do 
4 61 44 Al 1D Do 
Ki 83 67 4] Trace Do 
6 84 69 4] Trace Do 
if 61 46 25 Trace Do 
8 55 42 4] Trace Do 
9 71 49 4] Trace Do 
10 89 70 40 Trace Do 
11 69 49 42 Trace Do 
: 12 51 26 42 Trace Do 
iB 58 42 42 Trace. Do. 
14 71 53 40 Trace. Do. 
15 78 64 33 12 | Pellagra. 
16 25 12 33 Trace Do. 
7 76 57 4] Trace Do 
18 57 38 40 Trace Do 
19 45 5 25 Trace Do 
20 84 64 31 Trace Do 
21 56 31 21 Trace Do 
22 21 0 Trace 0 Do 
23 35 7 1 & 0 Do 
24 14 0 Trace 0 Do 


No attempt is made in this paper to take up the question of gastric 
digestion in pellagra. 

That neutralization in the Jacoby method will in a lke manner 
destroy or inhibit some of the pepsin, and consequently influence the 
results appears from the following: 


Unneutralized juice. Neutralized juice. 
Wahoo Se. sae es Remarks. 

Proposed Jacoby Rose Jacoby 

method. method. method. method. 
41 100 Trace. Trace.+ | Normal. 
41 100 Trace. Trace.+ Do. 
41 100 Trace. Trace.+ Do. 
41 83 Trace. Trace.+ Pellagra. 


The following method has been adopted in this laboratory.!. The 
gastric contents are strained through cheesecloth. Two c. c. are 
measured by means of an Ostwald pipette into a 25 c. c. stoppered 
volumetric cylinder, and diluted to the mark with distilled water. 
Into each of seven small test tubes (1 x 10 cm.) 1s measured, with an 
Ostwald pipette, 1 c. c. of a 0.25 per cent filtered pea globulin in 10 
per cent sodium chloride solution. To each tube is added 1 c. c. of 
0.6 per cent hydrochloride acid, also by means of an Ostwald pipette. 
The tubes are allowed to stand about 5 minutes, until the maximum 

turbidity develops. To the first five, distilled water is added as fol- 


1] take pleasure in here thanking Dr. R. C. Lewis of the staff for the preparation of pea globulin used in 
these experiments. 
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lows: To the first, 0.9 ¢. c.; to the second, 0.8 c. ¢.; to the third, 0.7 

c.; to the fourth, 0.6 c. ¢.; and to the fifth, 0.2 c. c.; to the sixth and 
seventh, none. Then there are rapidly added to each test tube the 
following amounts of the 1/12.5 gastric juice; to the first, 0.1 c. c.; to 
the second, 0.2 c. c.; to the third, 0.3 c. c.; to the fourth, 0.5 ¢. ¢.; to 
the fifth, 0.8 c. c.; to the sixth, 1.0 c. ¢.; and to the seventh, 1.0 c. ¢. 
of the diluted juice boiled. These measurements can be accurately 
made with a 1 c. c. pipette graduated in 0.01 c.c. All tubes are then 
immersed for 15 minutes in a water bath at 50° to 52° C. At the 
end of this time, the tube is selected which is clear and contains the 
least amount of diluted gastric juice. Upon this basis, the peptic 
activity is calculated as the number of c. c. of 0.25 per cent globulin 
digested by 1 c. c. of undiluted gastric juice. For example, if tube 
2 containing 0.3 c. c. of a 12.5 times diluted juice be clear, then the 
result would be expressed: 


Peptic activity = (1+0.3) X 12.5= 41.2. 


Ordinarily this scheme of seven tubes is used, though it is not a rule. 
If the free acidity be high, sometimes a dilution of 1/25 is made. The 
number of tubes used will depend upon the accuracy desired. 


Tubes. 


0.25 per cent pea Speers CRC a at paneer Ht 1 1 1 1 1 1 
0.6 percent HCG... 225.2. - ee oe ona 1 iE i 1 1 1 1 
Distilled water, c. a Se oa Oe TS oe ae eee meer ee 059.4>-O08 4 O58 4 O54 022s) 020-15 10,.0 
- Diluted gastric. SOUL neg i a ee is a OcE O27 O38 O54" 028). 91-0 4 020 
Dolled gastric jabice=-o aes. ic. 2 ss eb eh pee ce 0 0 0 0 0 0 1,0 
PIMA VOMME ONC. oo k.c. > ocd 2 deed eee, Sees 3 3 3 3 3 3 3 
Peptic activity . Se ees See ete se 125 62.5 | 41 25 17 12.5 | 0 


The gastric contents are never filtered, but strained through cheese- 
cloth, as it is believed in this way less enzyme is adsorbed. The 
dilution has been kept at ten times, or greater, and water substituted 
for boiled juice to make up the final volume. This has been done in 
line with Nierenstein and Schiff’s’ procedure, in order to lessen, the 
amount of disturbing factors, be they proteoses, peptones, or anti- 
ferments. At the same time it serves in keeping the final total 
acidity nearer 0.2 per cent than if boiled unneutralized juice were 
added. 

The pea globulin is made according to Rose’s description from the 
ordinary garden pea, Pisum sativum: 

The finely ground peas, freed as much as possible from the outer coating, are re- 
peatedly extracted with large quantities of 10 per cent sodium chloride solution, the 


extracts combined, strained through fine bolting cloth, and allowed to stand over- 
night in large cylinders to deposit insoluble matter. The supernatant fluid is siphoned 
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off and saturated with ammonium sulphate. The precipitate of albumins and globu- 
lins is filtered off, suspended in a little water, and dialyzed in running water for three 
days, until the salt has been removed and the albumins have been dissolved. The 
globulins are filtered off and washed two or three times with water, to remove the last 
trace of albumins. To purify further, the precipitate is extracted with 10 per cent 
sodium chloride solution and filtered until perfectly clear. The resulting solution is 
exactly neutralized to litmus paper, by the cautious addition of dilute sodium hydrox- 
ide, and again dialyzed in running water for three days to remove the salts com- 
pletely. The precipitated globulins are then filtered off and dried on a water bath at 
40° C. During the complete process of separation, the proteins should be preserved 
with a mixture of alcoholic thymol and toluene. The globulins so prepared dissolve, 
practically completely, in 10 per cent sodium chloride solution, and after slight 
acidification with hydrochloric acid yield a turbid solution which does not settle 
out on standing. ; 


I have found this solution of globulin to settle out shghtly in the 
case of controls, though as a rule it remains in suspension and cer- 
tainly is much better than the precipitated ricin, which will settle 
out and rise to the top of the tubes. If preserved, as Rose directs, 
with toluene, it can be kept for a month or more. On the assump- 
tion that exact neutralization only inactivated the pepsin, and that 
it might be reactivated at once, though this is not possible according 
to Tichomirow (5), the following experiment was tried: Some 
gastric juice was. neutralized exactly to litmus with N/14 sodium 
hydroxide and at once the previously determined acidity was attained 
by adding N/14 hydrochloric acid. This juice was then subjected 
to the determination and no quantitative amount of pepsin found, 
while with the unneutralized juice there was a peptic value of 40. 
The pepsin can be determined in 25 minutes from the time the gastric 
contents are received, provided there are on hand stock solutions of 
pea globulin and 0.6 per cent hydrochloric acid. Using a burette to 
deliver the globulin solution, the 0.6 per cent hydrochloric acid, and 
the water, and graduated pipettes for the diluted juice, six deter- 
minations can be completed easily in an hour and a half. 

The present method is recommended because it 1s believed to be 
as accurate as any and less time consuming. That it will check 
itself is shown by the following analyses on the same normal indi- 
vidual on different days: 


. Contents 
Total Free Pepsin Kamioced 
acidity. acidity. number. cera 
Minutes. 
61 46 25 30 
46 21 31 45 
61 44 41 60 
55 42 41 60 
71 49 41 60 
89 70 40 60 
83 67 41 75 
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The low value (25) found above I believe is due to the fact that 
only 30 minutes elapsed after the giving of the test meal, as Hawk (6) 
and his collaborators have found that the height of acid and pepsin 
secretion is not reached in that time. The high value (50) found 
(see Table I) in a normal individual may be due to a hypersecretion 
of pepsin, called forth by the high acidity (90). On the following 
day the same case with a total acidity of 60 showed a peptic value 
of 41. The limit for normal individuals found so far extends between 
25 and 50. The following table gives a comparison of the results 
obtained on the same contents, by the proposed method and by that 
of Jacoby: 


Pepsin number. r | 


Total Free 
Case. <a cas ‘ Remarks. 
acidity. acidity. Proposed Jacoby 
method. method. 
1 51 26 42 100- | Normal 
2 55 42 4] 100- (0) 
3 58 42 42 100- Do 
4 60 45 4] 100- Do 
oD 69 49 42 100- Do 
6 71 49 4] 100- Do 
7 71 Do 40 100- Do 
8 89 70 40 100- 
9 56 31 mk 60-80 | Pellagra 
10 57 38 40 100- fo) 
11 69 53 33 100- Do 


By “100—” is meant that the solution is almost clear, only a trace 
of turbidity being left, the tube contaiming the next bigher concen- 
tration of gastric content being clear; therefore it is more exact to 
say ‘100-.”’ From this table it is seen that the values obtained by 
my method correspond to about four-tenths of those of Jacoby- 
Solms. 
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HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH 
SERVICE. 


The Hygienic Laboratory was established in New York, at the Marine Hospital on 
Staten Island, August, 1887. It was transferred to Washington, with quarters in the 
Butler Building, June 11, 1891, and a new laboratory building, located in Washington, 
was authorized by act of Congress March 3, 1901. 

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. 8. Mar.-Hosp. 


Serv., Wash.] have been issued: 
*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 


No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 

*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 

¥*No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathofenic microbe (B. typhi murium Danyz) applied 
to the destruction of rats. By M. J. Rosenau. 

*No. 6.—Disinfection against mosquitoes with formaldehyde and sulphur dioxid. 
By M. J. Rosenau. 

+No. 7.—Laboratory technique: Ring test for indol, by 8. B. Grubbs and Edward 
. Francis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography 
with simple apparatus, by H. B. Parker. 

By act of Congress approved July 1, 1902, the name of the ‘‘United States Marine- 
Hospital Service’’ was changed to the ‘‘Public Health and Marine-Hospital Service 
of the United States,’’ and three new divisions were added to the Hygienic Labora- 
tory. 

Since the change of name of the service the bulletins of the Hygienic Laboratory 
have been continued in the same numerical order, as follows: 

*No. 8.—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
(Revised edition, March, 1904.) 

+No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

*No. 10.—Report upon the prevalence and geographic distribution of hookworm 
disease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell 
Stiles. 

*No. 11.—An experimental investigation of Trypanosoma lewisi. By Edward 
Francis. 

*No. 12.—The bacteriological impurities of vaccine virus; an experimental study. 
By M. J. Rosenau. 

*No. 13.—A statistical study of the intestinal parasites of 500 white male patients 
‘ at the United States Government Hospital for the Insane; by Philip E. Garrison, 
Brayton H. Ransom, and Earle C. Stevenson. <A parasitic roundworm (Agamomermis 
culicis n. g., n. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
The type species of the cestode genus Hymenolepis, by Ch. Wardell Stiles. 

*No. 14.Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 
John F. Anderson. ) 

*No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By 
Allan J. McLaughlin. 

*No. 16.—The antiseptic and germicidal properties of glycerin. By M. J. Rosenau. 

-*No. 17.—Ilustrated key to the trematode parasites of man. By Ch. Wardell 


Stiles. 
(79) 
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*No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
including reports of several new cases of the dwarf tapeworm (H. nana) in the United 
States. By Brayton H. Ransom. 

*No. 19.—A method for inoculating animals with precise amounts. By M. J. 
Rosenai. 

*No. 20.—A zoological investigation into the cause, transmission, and source of 
Rocky Mountain “spotted fever.’’ By Ch. Wardell Stiles. 

“No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on 
Ehrlich’s normal serum). Official standard prepared under the act approved July 1, 
1902. By M. J. Rosenau. 

*No. 22.—Chloride of zinc as a deodorant, antiseptic, and germicide. By T. B. 
McClintic. 

*No. 23.—Changes in the pharmacopceia of the United States of America. Eighth 
Decennial Revision. By Reid Hunt and Murray Galt Motter. 

No, 24.—The international code of zoological nomenclature as applied to medicine. 
By Ch. Wardell Stiles. 

*No. 25,—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 

*No. 26.—On the stability of the oxidases and their conduct toward various reagents. 
The conduct of phenolphthalein in the animal organism. A test for saccharin, and a 
simple method of distinguishing between cumarin and vanillin. The toxicity of 
ozone and other oxidizing agents to lipase. The influence of chemical constitution 
on the lipolytic hydrolysis of ethereal salts. By J. H. Kastle. 

*No. 27.—The limitations of formaldehyde gas as a disinfectant with special reference 
to car sanitation. By Thomas B. McClintic. 

*No. 28.—A statistical study of the prevalence of intestinal worms in man. By 
Ch. Wardell Stiles and Philip E. Garrison. 

*No. 29.—A study of the cause of sudden death following the injection of horse 
serum. By M. J. Rosenau and John F. Anderson. 

{No. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Maternas 
transmission of immunity to diphtheria toxine and hypersusceptibility to horse 
serum, in the same animal. By John F. Anderson. 

No. 31.—Variations in the peroxidase activity of the blood in health and disease. 
By Joseph H. Kastle and Harold L. Amoss. 

No. 32.—A stomach lesion in guinea pigs caused by diphtheria toxine and it. 
bearing upon experimental gastric ulcer. By M. J. Rosenau and John F. Andersonl 

*No. 33.—Studies in experimental alcoholism. By Reid Hunt. 

TNo. 34.—I. Agamofilaria georgiana n. sp., an apparently new roundworm porasite 
from the ankle of a negress. II. The zoological characters of the roundworm genus 
Filarva Mueller, 1787. III. Three new American cases of infection of man with 
horsehair worms (species Paragordius varius), with summary of all cases reported to 
date. By Ch. Wardell Stiles. 

No. 35.—Report on the origin and prevalence of typhoid fever in the District 
of Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (In- 
cluding articles contributed by Ch. Wardell Stiles, Joseph Goldberger, and A. M. 
Stimson. ) 

No. 36.—Further studies upon hypersusceptibility and immunity. By M. J. 
Rosenau and John F. Anderson. . 

{No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Tre- 
matoda and trematode diseases. By Ch. Wardell Stiles and Albert Hassall. 

No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By M. J. 
Rosenau and John F. Anderson. 

tNo. 39.—The antiseptic and germicidal properties of solutions of formaldehyde 
and their action upon toxines. By John F. Anderson. 
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No. 40.—1. The occurrence of a proliferating cestode larva (Sparganum proliferum) 
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specimen 
of Filaria restiformis Leidy, 1880=Agramomermis restiformis, by Ch. Wardell Stiles. 
3. Observations on two new parasitic trematode worms: Homalogaster philippinensis 
n.sp., Agamodistomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberger. 
4. A reexamination of the original specimen of Tenia saginata abietina (Wein- 
land, 1858), by Ch. Wardell Stiles and Joseph Goldberger. 

No. 41.—Milk and its relation to the public health. By various authors. 

tNo. 42.—The thermal death points of pathogenic microorganisms in milk. By 
M. J. Rosenau. 

No. 43.—The standardization of tetanus antitoxin (an American unit established 
under authority of the act of July 1, 1902). By M. J. Rosenau and John F. Anderson. 

No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the District 
of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. 

tNo. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John F. 
Anderson. 

No. 46.—Hepatozoon perniciosum (n. g., n. sp.); a hemogregarine pathogenic for 
white rats; with a description of the sexual cycle in the intermediate host, a mite 
(lelaps echidnimus). By W. W. Miller. 

No. 47.—Studies on Thyroid: I. The relation of iodine to the physiological activity 
of thyroid preparations. By Reid Hunt and Atherton Seidell. 

No. 48.—The physiological standardization of digitalis. By Charles Wallis Ed. 
munds and Worth Hale. 

No. 49.—Digest of comments on the United States pharmacopeia. Eighth decen 
pial revision for the period ending December 31, 1905. By Murray Galt Motter and 
Martin I. Wilbert. 

No. 50.—Further studies upon the phenomenon of anaphylaxis. By M. J. Rosenau 
and John F. Anderson. 

No. 51.—Chemical tests for blood. By Joseph H. Kastle. 

No. 52.—Report No. 3 on the origin and prevalence of typhoid fever in the District 
of Columbia (1908). By M. J. Rosenau, Leslie L. Lumsden, and Joseph H. Kastle. 

No. 53.—The influence of certain drugs upon the toxicity of acetanilide and anti- 
pyrine. By Worth Hale. 

No. 54.—The fixing power of alkaloids on volatile acids and its application to the 
estimation of alkaloids with the aid of phenolphthalein or by the Volhard method. 
By Elias Elvove. ) 

No. 55.—Quantitative pharmacological studies; adrenalin and adrenalin-like bodies. 
By W. H. Schultz. 

No. 56.—Milk and its relation to the public health. (Revised edition of Bulletin 
No. 41.) By various authors. 

No. 57.—I. The presence of tubercle bacilli in the circulating blood in clinical 
and experimental tuberculosis. By John F. Anderson. II. The viability of the 
tubercle bacillus. By M. J. Rosenau. 

No. 58.—Digest of comments on the pharmacopceia of the United States of America 
(eighth decennial revision) and the national formulary for the period ending Decem- 
ber 31, 1906. By Murray Galt Motter and Martin I. Wilbert. 

No. 59.—The oxidases and other oxygen catalysts concerned in biological oxida- 
tions. By Joseph Hoeing Kastle. 

No. 60.—A study of the anatomyof Watsonius (n. g.), Watsoni of man, and of 19 
allied species of mammalian trematode worms of the superfamily Paramphistomoidea 
By Ch. Wardell Stiles and Joseph Goldberger. 
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No. 61.—Quantitative pharmacological studies: Relative physiological activity of 
some commercial solutions of epinephrin. By W. H. Schultz. 

No. 62.—The taxonomic value of the microscopic structure of the stigmal plates in 
the tick genus Dermacentor. By Ch. Wardell Stiles. 

{No. 63.—Digest of comments on the pharmacopceia of the United States of America 
(eighth decennial revision) and the national formulary (third edition) for the calendar 
year ending December 31, 1907. By Murray Galt Motter and Martin I. Wilbert. 

No. 64.—Studies upon anaphylaxis, with special reference to the antibodies con- 
cerned. By John F. Anderson and W. H. Frost. 

No. 65.—Facts and problems of rabies. By A. M. Stimson. 

No. 66.—I. The influence of age and temperature on the potency of diphtheria 
antitoxin. By John F. Anderson. II. An organism (Pseudomonas protea) isolated 
from water, agglutinated by the serum of typhoid-fever patients. By W. H. Frost. 
IIT. Some considerations on colorimetry, and anew colorimeter. By Norman Roberts. 
TV. A gas generator, in four forms, for laboratory and technical use. By Norman 
Roberts. 

{No. 67.—The solubilities of the pharmacopceial organic acids and their salts. 
By Atherton Seidell. 

No. 68.—The bleaching of flour and the effect of nitrites on certain medicinal 
substances. By Worth Hale. 

No. 69.—The effects of restricted diet and of various diets upon the resistance of 
animals to certain poisons. By Reid Hunt. 

No. 70.—A study of melting-point determinations, with special reference to the 
melting-point requirements of the United States ieseoete By George A. 
Menge. 

No. 71.—1l. Some known and three new endoparasitic trematodes from American 
fresh-water fish. By Joseph Goldberger. 2. On some new parasitic trematode worms 
of the genus Telorchis. By Joseph Goldberger. 3. A new species of Athesmia from 
amonkey. By Joseph Goldberger and Charles G. Crane. 

+No. 72.—I. Report on an outbreak of typhoid fever at Omaha, Nebr. (1909- 
1910). By L. L: Lumsden. II. The water supply of Williamson, W. Va., and its 
relation to an epidemic of typhoid fever. By W. H. Frost. 

No. 73.—The effect of a number of derivatives of choline and analogous com- 
pounds on the blood pressure. By Reid Hunt and R. de M. Taveau. 

No. 74.—Digitalis standardization and the variability of crude and of medicinal 
preparations. By Worth Hale. 

No. 75.—Digest of comments on the pharmacopeeia of the United States of America 
(eighth decennial revision) and the national formulary (third edition) for the 
calendar year ending December 31, 1908. By Murray Galt Motter and Martin I. 
Wilbert. 

No. 76.—The physiological standardization of ergot. By Charles Wallis Edmunds 
and Worth Hale. 

No. 77.—Sewage pollution of interstate and international waters, with special 
reference to the spread of typhoid fever. B Allan J. McLaughlin. 

No. 78.—Report No. 4 on the origin and prevalence of typhoid fever in the Daethict 
of Columbia (1909). By L. L. Lumsden and John F. Anderson. (Including articles 
contributed by Thomas B. McClintic and Wade H. Frost.) 

No. 79.—Digest of comments on the pharmacopceia of the United States of America 
(eighth decennial revision) and the national formulary (third edition) for the cal- 
endar year ending December 31, 1909. By Murray Galt Motter and Martin I. Wilbert. 

No. 80.—Physiological studies in anaphylaxis. Reaction of smooth muscle from 
various organs of different animals to proteins. (Including reaction of muscle from 
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nonsensitized, sensitized, tolerant, and immunized guinea pigs.) By William H. 
Schultz. 

No. 81.—Tissue proliferation in plasma medium. By John Sundwall. 

No. 82.—I. Method of standardizing disinfectants with and without organic matter. 
By John F. Anderson and Thomas B. McClintic. II. The determination of the 
phenol coefficient of some commercial disinfectants. By Thomas B. McClintic. 

No. 83.—I. Sewage pollution of interstate and international waters with special 
reference to the spread of typhoid fever. II. Lake Superior and St. Marys River. 
III. Lake Michigan and the Straits of Mackinac. IV. Lake Huron, St. Clair River, 
Lake St. Clair, and the Detroit River. V. Lake Ontario and St. Lawrence River. 
By Allan J. McLaughlin. 

No. 84. Digest of comments on the pharmacopeeia of the United States of America 
(eighth decennial revision) and the national formulary (third edition) for the calendar 
year ending December 31, 1910. By Murray Galt Motter and Martin I. Wilbert. 

No. 85.—Index catalogue of medical and veterinary zoology. Subjects: Cestoda 
and cestodaria. By Ch. Wardell Stiles and Albert Hassall. 

No. 86.—Studies on typhus. By John F. Anderson and Joseph Goldberger. 

No. 87.—Digest of comments on the pharmacopceia of the United States of America 
(eighth decennial revision) and on the national formulary (third edition) for the 
calendar year ending December 31, 1911. By Murray Galt Motter and Martin I. 
Wilbert. 

No. 88.—Method for determining the toxicity of coal-tar disinfectants, together with 
a report on the relative toxicity of some commercial disinfectants. By Worth Hale. 

No. 89.—Sewage pollution of interstate and international waters with special 
_ reference to the spread of typhoid fever. VI. The Missouri River from Sioux City 
to its mouth. By Allan J. McLaughlin. ; 

No. 90.—Epidemiologic studies of acute anterior poliomyelitis. I. Poliomyelitis 
in Iowa, 1910. II. Poliomyelitis in Cincinnati, Ohio, 1911. III. Poliomyelitis in 
Buffalo and Batavia, N. Y., 1912. By Wade H. Frost. 

No. 91.—I. The cause of death from subdural injections of serum. By Worth 
Hale. II. Some new cholera selective media. By Joseph Goldberger. 

No. 92.—Gaseous impurities in the air of railway tunnels. By Atherton Seidell and 
Philip W. Meserve. 

No. 93. Digest of comments on the pharmacopeeia of the United States of America 
(eighth decennial revision) and on the national formulary (third edition) for the 
calendar year ending December 31, 1912. By Murray Galt Motter and Martin I. 
Wilbert. 

No. 94.—I. Collected studies on the insect transmission of Trypanosoma evansi. By 
M. Bruin Mitzmain. II. Summary of experiments in the transmission of anthrax by 
biting flies. By M. Bruin Mitzmain. 

No. 95. Laboratory studies on tetanus. By Edward Francis. 

No. 96.—1. Report of investigation of coastal waters in the vicinity of Gulfport 
and Biloxi, Miss., with special reference to the pollution of shellfish. By R. H. 
Creel. 2. A comparison of methods for the determination of oxygen in waters in 
presence of nitrite. By Elias Elvove. 3. Some new compounds of the choline 
type, III. Including preparation of monoacetate of a, B dioxy-B-methyl butane. 
By G. A. Menge. 4. The detection of white phosphorus in matches. By Earle 
B. Phelps. 5. The chemical composition of rubber in nursing nipples and in some 
rubber toys. By Earle B. Phelps and Albert F. Stevenson. 6. The analysis ol 
thymol capsules. By Atherton Seidell. 7. Seasonal variation in the composition 
of the thyroid gland. By Atherton Seidell and Frederic Fenger. 8. Note on a 
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new apparatus for use with the Winkler method for dissolved oxygen in water. By 
Hyman L. Shoub. 9. The pharmacological action of some serum preservatives. 
By Carl Voegtlin. sv 

No. 97. 1. Some further siphonaptera. 2. A further report on the identification 
of some siphonaptera from the Philippine Islands. 3. The taxonomic value of the 
copulatory organs of the females in the order of siphonaptera. By Carroll Fox. 

No. 98.—Digest of comments on the pharmacopeeia of the United States of America 
(eighth decennial revision) and on the national formulary (third edition) for the 
calendar year ending December 31, 1918. By Murray Galt Motter and Martin I. 
Wilbert. 

No. 99.—The Friedmann treatment for tuberculosis. A report of the board appoint- 
ed for its investigation. By John F. Anderson and Arthur M. Stimson. 

No. 100.—Pituitary standardizat‘on; a comparison of the physiological activity of 
some commercial pituitary preparations. By George B. Roth. 2. Examination of 
drinking water on railroad trains. By Richard H. Creel. 3. Variation in the epine- 
phrine content of suprarenal glands. By Atherton Seidell and Frederic Fenger. 

No. 101.—I. Complement fixation in tuberculosis. By A.M.Stimson. II. Report 
of an investigation of diphtheria carriers. By Joseph Goldberger, C. L. Williams, 
and F.W.Hatchel. III. The excretion of thymol in the urine. By Atherton Seidell. 
TV. The sterilization of dental instruments. By H.E. Hasseltine. V. A modification 
of Rose’s method for the estimation of pepsin. By Maurice H. Givens. 

In citing these bulletins bibliographers and authors are requested to adopt the 
following abbreviations: Bull. No. , Hyg. Lab., Wash., pp. ; 

The service will enter into exchange of publications with medical and scientific 
organizations, societies, laboratories, journals, and authors. ALL APPLICATIONS 
FOR THESE PUBLICATIONS SHOULD BE ADDRESSED TO THE ‘‘ Surgeon General U. S. 
Public Health Service, Washington, D. C., EXCEPT THOSE MARKED (*) AND (f). 

The publications marked (*) are no longer available for distribution by the Surgeon 
General of the Public Health Service. Copies of those marked ({) may, however, 
be obtained from the Superintendent of Documents, Government Printing Office, 
Washington, D. ©., who sells publications at cost, and to whom requests for publica- 
tions thus marked should be made. 


